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INTRODUCTION

This guide provides guidance for the development of a Risk-Based Corrective Action (RBCA)
program that integrates the sciences of ecological and human health risk-based decision making into
the corrective action process. The RBCA provides a flexible, technically defensible framework for
corrective action that is applicable to a wide range of sites and chemical(s) of concern. The framework
incorporates a tiered analytical approach, applying increasingly complex levels of data collection and
analysis as the user proceeds through the process. It provides a starting point for the iategration of
multiple regulatory programs into a site-wide corrective action activity and a technically defensible
process for achieving “WNo Further Action.” The successful implementation of the RBCA framework
18 dependent on an understanding by the user of the techuical policy decisions that are critical to the
risk management process and the identification and determunation of these technical policy decisions
prior to beginning the process (see 3.2.60). There are numerous techuical policy decisions that must
be made to implement the RBCA process. for example, defining data quality objectives, determining
target risk levels and addressing resource protection. It is not the intent of this guide to define
appropriate technical policy decisions. The RBCA process is not intended to replace existing
regulatory programs, but rather to complement these programs. Regardless of whether a cosrective
action is specifically governed by a regulatory program, the user should consult the regulatory agency
requirements to identify the appropriate technical policy decisions prior to implementing the RBCA
process. The RBCA process encourages user-led initiatives and stakeholder involvement in both the
development of the technical policy decisions and the RBCA program. It recognizes the diversity of
sites and provides appendixes for possible applications and examples. The appendixes are provided for
additional information and are not mandatory sections of this standard guide. ASTM standards are not
federal or state regulations; they are consensus standards that can voluntarily be followed.

1. Scope activities to site-specific conditions and risks. The evaluations
and methods used in the RBCA process begin with simple
analyses in Tier | and move to more complex evaluations in
either Tier 2 or Tier 3, as applicable. The process of gathering

and evaluating data is conducted in a scaled fashion.

1.1 This is a guide for conducting risk-based corrective
action (RBCA) at chemical release sites based on protecting
human health and the environment. The RBCA is a consistent
decision-making process for the assessment and response o

chemical releases. Chemical release sites vary greatly in terms
of complexity, physical and chemical characteristics, and in the
risk that they may pose to human health and the enviromment.
The RBCA process recognizes this diversity by using a tiered
approach that integrates site asscssment and response actions
with haman health and ecological risk assessment to determine
the need for remedial action and to tailor corrective action

! This guide is under the jurisdiction of ASTM Committee E50 on Environmental
Assessrnent, Risk Managernent and Corrective Action and is the direct responsibil-
ity of Subcommittee E50.04 on Corrective Action.

Current edition approved Aprit 1, 2015 Published May 2015. Originally
approved in 1998, Last previous edition approved in 2010 as £2081-00 (2010)°" .
DOI: 10.1520/E2081-00RS.

Consequently, only the data that are necessary for a particular
tier’s decision-making are collected at that tier.

1.2 This guide describes an approach for risk-based correc-
tive action. It is intended to help direct and streamline the
corrective action process and to complement but not to
supersede federal, state and local regulations. It can be em-
ploved at sites where corrective action is being conducted
including sites where there may not be a regulatory framework
for corrective action, or where the user wishes to conduct
cotrective action such as sites in voluntary cleanup programs or
under Brownfields initiatives. In addition, it can also be used as
a unifying framework when several different agency programs
affect the site. Furthermore, the user should be aware of the
federal, state and local corrective action programs that are

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box €700, West Conshohocken, PA 19428-2053. United States

Copyright by ASTM Int'l (all rights reserved); Fri Mar 30 06:29:04 EDT 2018
Downloaded/printed by

Charles Menzie (Exponent) pursuant to License Agreement. No forther reproductions authorized.

ED_006308_00000315-00001



a4l

applicable for the site and, regardiess of the program, federal,
state and local agency approvals may be required to implement
the processes outlined in this guide. Finally, regardiess of
whether a corrective action is specifically governed by a
regulatory program, the user should consult the regulatory
agency requirements to identify the appropriate technical
policy decisions prior to implementing the RBCA process.

1.3 There are numerous technical policy decisions that must
be made to implement the RBCA process, for example,
defining data guality objectives, determining target risk levels,
specifying the appropriate statistics and sample sizes for
calculating exposure concentrations, selection of exposure
assumptions, determining when and how to account for comu-
lative risks and additive effects among chemical{s) of concem
and addressing resource protection. It is not the intent of this
guide to define appropriate technical policy decisions. The user
must identify the appropriate technical policy decisions.

1.4 The general performance standard for this guide re-
quires that:

1.4.1 Technical policy decisions be identified before begin-
ning the process,

1.4.2 Data and information collected during the RBCA
process, including historical data as well as new data collected
during the site assessment, will be relevant to and of sufficient
guantity and quality to answer the questions posed by and the
decisions to be made in the RBCA process,

1.4.3 Actions taken during the risk-based decision process
will be protective of human health and the environment,

1.4.4 Applicable federal, state and local regulations will be
followed (for example, waste management requirements,
ground water designations, worker protection) and,

1.4.5 Remedial actions implemented will not sesult in
higher risk levels than existed before taking actions.

1.5 ASTM standards are not federal or state regulations,
they are consensus standards that can voluntarily be followed.

1.6 The RBCA process is not limited to a particular class of
compounds. This guide is intended to be a companion to Guide
E1739, and does not supersede that document for petroleum
releases. If a release site contains a mixture of releases of
petroleurmn and other chernicals, this guide should be followed.

1.7 The United States Environmental Protection Agency
(USEPA) bas developed guidance for human health risk
evaluation (see Appendis X8 for other resources). Many of the
components of this guidance have been integrated into the
RBCA framework. The science of ecological evaluation and
the process by which the science is applied, however, are not as
well defined and agreed upon as human health risk assessment.
Thercfore, the information provided in this guide for each der
evaluanon for relevant ecological receptors and habitats is
general. The user is referred to Appendin X5, which provides
additional information regarding the development of a RBCA
framework for protection of ecological resources.

1.8 The decision process described in this guide integrates
exposure and risk assessment practices with site assessment
activities and remedial action selection to ensure that the
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chosen actions are protective of human health and the envi-
ronment. The following general secquence of events is pre-
scitbed in RBCA:

1.8.1 Perform an initial site assessment and develop the fiest
iteration of the site conceptual model. If the information is
sufficient to demonstrate that there are no complete or poten-
tially complete exposure pathways, then no further action is
warranted,

1.8.2 Evaluate the siie (s¢e definition of site 3.2.50) for
response actions (multiple sites at a single facility may reqaire
different response actions and times),

1.8.3 Implement a response action that is appropriate for
conditions found at the site duwring the site response action
evaluation,

1.8.4 Pefine data requirements, develop data quality
objectives, and perform a site assessment for the Tier 1
evaluation if the site conceptual model indicates thar the tiered
¢valuation is appropriate,

1.8.5 Conduct an exposure pathway analysis to determine if
relevant ecological receptors and habitats are present and if
complete and potentially complete exposure pathways are
present. H no relevant ecological receptors or habitats or
complete and potentially complete exposure pathways exist,
then no further action for relevant ecological receptors and
habitats is warranted,

1.8.6 For potential human exposure pathways, identify the
applicable Risk Based Screening Levels (RBSL) and for
potential ecological exposure pathways, identify the applicable
Relevant Ecological Screening Criteria (RESC). In addition,
identify any Other Relevant Measurable Criteria (ORMOC), as
applicable. Collectively these are the Tier | corrective action
goals for the site;

1.8.7 Compare site conditions to the Tier I corrective action
goals determined to be applicable to the site;

1.8.8 If site conditions meet the corrective action goals for
chemical(s) of concern then, no further action is warranied,

1.8.9 1If site conditions do not meet corrective action goals
for chemical{(s) of concern then, one or more of the following
actions is appropriate:

1.8.9.1 Further tier evaluation;

1.8.9.2 bImplement interim remedial action;

1.8.9.3 Degsign and implement remedial action to achieve
the corrective action goals.

1.8.10 Define Tier 2 data requircments, data gquality
objectives, collect additional site-specific information and
update the site conceptual model, as necessary, if further tier
evaluation is warranted,

1.8.11 Develop point(s) of demonstration and Tier 2 correc-
tive action goals based on Site-Specific Target Levels (§STL),
Site-Specific Ecological Criteria (SSEC) or ORMC, where
appropriate, for complete and potentially complete exposure
pathways, including exposure pathways for which no RBSL,
RESC or ORMC, as applicable, were determined;

1.8.12 Compare site conditions to the Tier 2 corrective
action goals determined to be applicable to the site;

1.8.13 If sitc condirions meet corrective action goals for
chemical(s) of concern, then no further action is warranied,
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1.8.14 If site conditions do not mect corrective action goals
for chemical(s) of concern then, one or more of the following
actions is appropriate:

1.8.14.1 Further tier evaluation;

1.8.14.2 Implement interim remedial action;

1.8.14.3 Design and implement remedial action to achieve
the corrective action goals.

1.8.15 Define Tier 3 data requirements, data quality objec-
tives and collect additional site-specific information and update
the site conceptual model, as necessary, if further tier evalua-
tion 1s warranted,

1.8.16 Develop point(s) of demonstration and Tier 3 correc-
tive action goals based on S8TL, SSEC, or ORMC, where
appropriate;

1.8.17 Compare site conditions to the Tier 3 corrective
action goals,

1.8.18 If site conditions meet corrective action goals for
chemical(s) of concern, then no further action is warranted,

1.8.19 If site conditions do not meet corrective action goals
for chemical(s) of concern, then one of the following actions is
appropriate:

1.8.19.1 Implement interim remedial action to facilitate
reassessment of the tier evaluation;

1.8.19.2 Design and implement remedial action to achieve
the corrective action goals.

1.8.20 Develop and implement a monitoring plan based on
the corrective action goals to validate the assumptions used for
the tier evaluation and to demonstrate effectiveness of the
remedial action, as applicable.

1.9 For chemical release sites currently in corrective action,
the user should review information and data available for the
site and determine the most appropriate entry point into the
RBCA framework consistent with the general performance
standards and sequence of events outlined in this guide.

110 This Guide is Organized as Follows—3Section 2 lists
referenced documents, Section 3 defines terminology used in
this guide, Section 4 describes the significance and use of this
guide, Section 5 is a summary of the tered approach, and
Section 6 presents the RBCA procedures in a step-by-step
process. Appendiz X1 provides guidance on developing tech-
nical policy decisions and building a RBCA program, Appen-
din X2 provides examples of chemical properties and effects
data that may be useful for a RBCA evaluation, Appendix X3
provides EXAMPLE development of RBSL, Appendix X4
describes the use of predictive modeling, Appendix X5 pro-
vides an outline of the process of the ecological evaluation,
Appendix X6 provides information about activity and use
fimitations, Appendix X7 includes ilustrative examples of the
application of the RBCA framework, and Appendix X8 in-
cludes references that may be helpful to the user. The Appen-
dixes are provided for additional information and are NOT
included as mandatory sections of this guide.

1.11 The values stated in 51 units are to be regarded as
standard. No other units of measurement are included in this
standard.
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2. Referenced Documents

2.1 ASTM Standards:*

5447 Guide for Application of a Groundwater Flow Model
to a Site-Specific Problem

D5490 Guide for Comparing Groundwater Flow Model
Simulations to Site-Specific Information

5610 Guide for Defining Initial Conditions in Groundwater
Flow Modeling

D5611 Guide for Conducting a Sensitivity Analysis for a
Groundwater Flow Model Application

D5612 Guide for Quality Planning and Field Implementa-
tion of a Water Quality Measurement Program

D5718 Guide for Documenting a Groundwater Flow Model
Application

35883 Guide for Subsurface Flow and Transport Modeling
(Withdrawn 2015)°

36235 Practice for Expedited Site Characterization of Va-
dose Zone and Groundwater Contamination at Hazardous
Waste Contaminated Sites

E978 Practice for Evaluating Mathematical Models for the
Environmental Fate of Chemicals (Withdrawn 2002)°

E 1527 Practice for Environmental Site Assessments: Phase 1
Environmental Site Assessment Process

E1599 Guide for Corrective Action for Petroleum Releases
(Withdrawn 2002)’

E1689 Guide for Developing Conceptual Site Models for
Contaminated Sites

E1739 Guide for Risk-Based Corrective Action Applied at
Petroleum Release Sites

E 1503 Practice for Environmental Site Assessments: Phase
IT Environmental Site Assessment Process

E1912 Guide for Accelerated Site Characterization for Con-
firmed or Suspected Petroleum Releases (Withdrawn
20137

E1943 Guide for Remediation of Ground Water by Natural
Atteruation at Petroleum Release Sites

3. Terminology

3.1 The reader should review the definitions presented here
prior to reviewing the guide, as many of the terms inchuded in
this guide may have different meanings than the specific
regulatory detinitions within existing federal, state or local
programs. The following terms are being defined to reflect their
specific use in this guide. The user should not assume that these
definitions replace existing regulatory definitions. Where the
definition or use of a term in this guide differs from an existing
regulatory definition or use, the user should address these
differences prior to proceeding with the RBCA process.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 activity and use limitations—iegal or physical restric-
tions or limitations on the use of, or access to, a site or facility

2 For referenced ASTM standards, visit the ASTM website, WWW.ASHIR.OTE, OF
contact ASTM Customer Service at service@astovorg. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

>The last approved version of this historical standard is referenced on
WWW.Astn.org.
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to eliminate or minimize potential exposures to chemical(s) of
concern, or to prevent activities that could interfere with the
effectiveness of a remedial action, 1o ensure mainienance of
site conditions that meet the corrective goals for chemical(s) of
concern. These legal or physical restrictions are intended to
prevent adverse impacts to receptors and relevant ecological
receptors and habitats that may be exposed to chemical(s) of
concern. Activity and use limitations include both engineering
and institutional controls.

3.2.2 additive effects—refers to combined non-cancer effects
of chemical(s) of concern with the same mechanism of action
in a receptor.

3.2.3 biv-availabilitv—a measure of the chemical(s) of con-
cern in environmental media that is accessible to an organism
for absorption.

3.2.4 bindegradarion—Natural plant, animal, or microbial
metabolism that results in the reduction of mass of a chemi-
cal(s) of concern.

3.2.5 chemical release—Any spill or leak or detection of
concentrations of chemical{s) of concern in environmental
media.

3.2.6 chemical(s) of concern—The specific compounds and
their breakdown products thar are identified for evaluation in
the RBCA process. Identification can be based on their
historical and current use at a site, detected concentrations in
environmental media and their mobility, toxicity, and pergis-
tence in the environment, Because chemical(s) of concern may
be identified at many points in the RBCA process, including
before any determination that they pose an unacceptable risk to
human health or the environment, the term should not auto-
matically be construed to be associated with increased or
unacceptable risk,

3277 corrective action—The sequence of actions that in-
clude site assessment and investigation, risk assessment, re-
sponse actions, interim remedial action, remedial action, op-
eration and maintenance of equipment, monitoring of progress,
making no further action determinations and termination of the
remedial action.

3.2.8 corrective action goals—concentration or other nu-
meric values, physical condition or remedial action perfor-
mance criteria that demonstrate that no further action is
necessary to protect human health and the enviromment. For
example, these goals may include one or a combination of
RBSL, 58TL, RESC, S8EC and ORMC chosen for source
area(s), poini(s) of demonstration and point(s) of exposure. The
corrective action goals are specific to each Tier in the evalua-
tion,

3.2.9 cumulative risks—refers to the combined carcinogenic
rigks from all exposure pathways for all chemicals for a
receptor.

3.2.1G direct exposure pathways—An exposure pathway
where the point of exposure is at the source, without a release
to any other medium and without an intermediate biological
transfer step.

3.2.11 ecological evaluation—A process for organizing and
analyzing data, information, assumptions and uncertainties to
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evaluate the hikelihood that adverse effects to relevant ecologi-
cal receptors or habitats may oceur or are occurring as a result
of exposure to chemical(s) of concern.

3.2.12 engineering controls—Physical modifications to a
site or facility to reduce or eliminate the potential for exposure
to chemical(s) of concern (for example, shurry walls, capping,
hydraulic controls for ground water, or point-of-use water
treatment).

3.2.13 exposure assessmeni—The determination or ¢stima-
tion {qualitative or guantitative) of the magnitude, frequency,
duration and route of exposure between a source arca and a
receptor.

3.2.14 exposure pathway—The course a chemical of con-
cern takes from the source area(s) to a receptor or relevant
ecological receptor and habitat. An exposure pathway de-
scribes the mechamism by which an individual or population 1s
exposed to a chemical of concern originating from a site. Each
exposure pathway includes a source or release from a source of
a chemical of concern, a point of exposure, an cxposure route
and the potential receptors or relevant ecological receptors and
habitats. If the exposure point is not at the source, & transport
or exposure medium, or both, (for example, air or water) are
also inchuded.

3.2.15 exposure route—The manner in which a chemical{s)
of concern comes in contact with a receptor (for example,
ingestion, inhalation, dermal contact).

3.2.16 exposure scenario—The description of the
circumstances, including site propertics and chemical
propertics, or the potential circumstances under which a
receptor or a relevant ecological receptor or habitat could be in
contact with chemical(s) of concemn;

3.2.17 facility—The property containing the source of the
chemical(s) of concern where a release has occurred. A facility
may include multiple sources and therefore, multiple sites.

3.2.18 guide—a series of options or instructions that do not
recommend a specific course of action.

3219 hazard index—The sum of two or more hazard
guotients for chemical(s) of concern or multiple exposure
pathways to a particular receptor, or both.

3.2.20 hazard quorient—The ratio of the level of exposure
of a chemical of concern over a specified time period to a
reference dose for that chemical of concern derived for a
similar ¢xposure period.

3.2.21 incremental carcinogenic risk levels—The potential
for incremental human carcinogenic effects, over background
cancer occurrence levels, due to exposure to the chemical(s) of
concern. This is the individual hfetime excess cancer risk,

3.2.22 indirect exposure pathways—An exposure pathway
with at least one intermediate release to any media, or an
intermediate biological transfer step, between the source and
the point(s) of exposure (for example, chemical(s) of concern
from soil through ground water to the point{s) of exposure).

3.2.23 institutional controls—A legal or administrative re-
striction on the use of, or access to a site or facility to eliminate
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or mirmize potential exposure to a chemical(s) of concern (for
cxample, restrictive covenants, restrictive zoning).

3.2.24 imterim remedial action—The course of action taken
to reduce migration of a chemical(s) of concern in its vapor,
dissolved, or lignid phase, or to reduce the concentration of a
chemical(s) of concern at a source area(s).

3223 maximum contaminant level (MCL)—A standard for
drinking water cstablished by USEPA under the Safe Drinking
Water Act which is the maximum permissible level of a
chemical(s} of concern in water which is delivered to any user
of a public water supply.

3.2.26 natural attenuarion—The reduction in the concentra-
tion(s) of chemicals of concern in environmental media due to
naturally occurring physical, chemical and biological processes
(for example, diffusion, dispersion, adsorption, chemical deg-
radation and biodegradation).

3.2.27 non-aqueous phase liguids (NAPL}—Chemicals that
are insoluble or only slightly soluble in water that exist as a
separate hiquid phase in environmental media. They can be less
dense or more dense than water.

3.2.28 other relevant measurable criteria (ORMC)—
Parameters used to define corrective action goals for chemi-
cal(s) of concern. The ORMC are concentration values, other
numeric values, physical condition or performance criteria
other than RBSL, RESC, SS8TL or SSEC. Examples of ORMC
are regulatory standards, consensus criteria, aesthetic criteria,
and ground water protection criteria. Technical policy deci-
sions regarding ORMUC may exist, or may need to be made to
determine the appropriate values, conditions or performance
criteria that are used for the corrective action goals.

3.2.29 petroleum—Inciudes crude oil or any fraction thereof
that is liquid at standard conditions of termperature and pressure
{(15.6°C and 10 340 kg/m absolute). The term includes
petrolewm-based substances comprised of a complex blend of
hydrocarbons derived from crude oi through processes of
separation, conversion, upgrading, and finishing, {for example,
motor fuels, jet fuels, lubricants, petroleum solvents, used oils).

3.2.30 poini(s) of demonstration—A location(s) sclected
between the source area(s) and the potential point(s) of
exposure where corrective action goals are met.

3.2.31 poini(s) of exposure—The point(s) at which an indi-
vidual or popudation may come in contact with a chemical(s) of
concern oniginating from a site.

3.2.32 porentially complete exposure pathway—A situation
with a rcasonably likely chance of occurrence in which a
receptor or relevant ecological receptor or habitat may become
directly or indirectly exposed to the chemical(s) of concern.

3.2.33 practice—a defimtive procedure for performing ong
or more specific operations or functions that does not produce
a test result.

3.2.34 probabilistic evaluation—A modeling procedure
used to evaluate the uncertainty swrounding a probability
distribution when the result depends on a number of factors,
cach of which has its own variability and uncertainty.

3235 qualitative ecological screening evaluarion—A pro-
cess conducted as part of the Tier 1 evaluation whercin relevant
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ecological receptors and habitats and cxposure pathwavs are
identificd. The necessary information can be collected as part
of the data gathering activities during the initial sitc assessment
or the Tier 1 site assessment ( 6.3.2

2 and 6.3.3). Within Tier 1,
this screening-level information, which is typically qualitative,
may be used to evaluate potential exposure pathways to
relevant ecological receptors and habitats and to identify
potential chemical(s) of concern. If available, generic, non-
site~-specific ecological criteria and guidelines (3.2.42) may be
used to further evaluate complete and potentially complete
exposure pathways.

3.2.36 qualitative risk analysis—A non-guantitative evaloa-
tion of the potential risks at a site as determined by the
potential exposure pathways and receptors based on known or
reasonably available information.

3.2.37 reasonable maximum exposure (RME)—The highest
exposure that is reasonably expected to occur at a site. RME’s
are estimated for individual exposure pathways or a combina-
tion of exposure pathways.

3.2.38 reasonably anticipated future use—Future use of a
site or facility which can be predicted with a reasonably high
degree of certainty given historical use, cusrent use, and local
eovernment planning and zoning.

3.2.39 receptors—The persons that are or may be affected
by a release. (sce relevant ecological receptors and habitats,
3.2.41, for non-human receptor definition).

3.2.40 reference dose—A toxicity value for evaluating po-
tential non-carcinogenic effects in huwmans resulting from
exposure to a chemical(s) of concern.

3.2.41 relevant ecological receptors and habitats—The
ecological resources that are valued at the site. Because of the
variety of ecological resources that may be present, focusing
upon those relevant to a site is an unportant part of the problem
formulation phase of ecological evaluation. Identification of
relevant ecological receptors and habitats is dependent upon
site-specific factors and technical policy decisions. Examples
may include species or commmunities afforded special protec-
tion by law or regulation; recreationally, commercially or
culturally pmpostant resources; regionally or nationally rare
communitics; communitics with high aesthetic gquality; and
habitats, species or communities that are important in main-
taining the integrity and bio-diversity of the environment.

3.2.42 relevant ecological screening criteria (RESC)—
Generic, non-site specific ecological criteria or guidelines that
are determined to be applicable to relevant ecological receptors
and habitats, exposure pathways and site conditions utilized
during the Tier I evaluation. These may include chemical
concentrations, biological measures or other relevant generic
criteria consistent with the technical policy decisions.

3.2.43 remedial action—Activities conducted o reduce or
climinate current or potential future exposures o receptors or
relevant ecological receptors and habitats. These activities
nchude monitoring, implementing activity and use limitations
and designing and operating clean-up equipment. Remedial
action includes activities that are conducted to reduce sources
of exposures to meet corrective action goals, or sever exposioe
pathways to meet corrective action goals.
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3.2.44 response action—An immediate course of action,
inchading monitoring, abatement or containment measures to
mitigate known or potential hazards to human health, safety
and the environment, taken before interim remedial action or
remedial action.

3.2.45 response action evaluation—A gqualitative analysis of
a site. based on known or readily available information, to
identify the need for and urgency of response actions and the
need for further information gathering. The analysis is also
used to identify appropriate carly risk reduction steps.

3.2.46 risk—The potential for, or probability of, an adverse
effect. These may be expressed qualitatively or quantitatively.

3.2.47 risk assessment—An analysis of the potential for
adverse effects on receptors and relevant ecological receptors
and habitats caused by a chemical{s) of concern from a site.
The risk assessment activities are the basis for the development
of corrective action goals and determination of where interim
remedial actions, remedial action or a combination of actions
are required.

3248 risk reduction—The lowering or elimination of the
level of risk posed to human health or the environment
through, response actions, interim remedial actions, remedial
action or a combination of actions.

3.2.49 risk-based screening level/screening levels (RBSL)—
Non-site-specific human health risk-based values for chemi-
cal(s) of concern that are protective of human health for
specified exposure pathways utilized during the Tier 1 evalu-
ation.

3.2.50 sire—The area(s) defined by the likely physical
distribution of the chemical(s) of concern from a source ares.
A site could be an entire property or facility, a defined area or
portion of a facility or property or muluple facilities or
propertics. One facility may contain multiple sites. Muluple
sites at one facility may be addressed individually or as a
Sroup.

3.2.51 site assessment—A characterization of a site through
an evaluation of its physical and environmental context (for
example, subsurface geology, soil properties and structures.
hydrology, and surface characteristics) to determine if a release
has occurred, the levels of the chemical(s) of concern in
environmental media, and the likely physical distribution of the
chemical(sy of concorn. As an example, the site assessment
collects data on soil, ground water and surface water guality,
land and resource use, potential receptors, and potential rel-
evant ecological receptors and habitats, and generates informa-
tion to develop a site conceptual model and to support
risk-based decision-making. The user i3 referred to Guides
E1912 and D235 and other references in Appendix X8 for
more information,

3.2.52 sire conceptual model—The integrated representation
of the physical and environmental context, the complete and
potentially complete exposure pathways and the potential fate
and transport of chemical(s) of concern at a site. The site
conceptual model should include both the current understand-
ing of the site and the understanding of the potential future
conditions and uases for the site. It provides a method to
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conduct the exposure pathway cvaluation, inventory the expo-
sure pathways cvaliated, and determine the status of the
exposure pathways as incomplete, potentially complete or
complete.

3.2.53 site condirions——A gencral description of a site’s
chemical. physical or biological characteristics that relate to
potential exposures to receptors or relevant ecological recep-
tors and habitats.

to a particular site.

3.2.55 site-specific ecological criteria (SSEC)—Risk-based
qualitative or gquantitative criteria for relevant ecological re-
ceptors and habitats identified for a particular site under the
Tier 2 or Tier 3 evaluations. These may include chemical
concentrations, biological measures or other relevant generic
criteria consistent with the technical policy decisions, SSEC
may be revised as data are obtained that better describe the
conditions and the relevant ecological receptors and habitats.

3.2.56 site-specific target levels (8STL)—Risk-based values
for chemical{s) of concern that are protective of human health
for specified exposure pathways developed for a particular site
uader the Tier 2 or Tier 3 evaluations.

3.2.57 source area{s)—The source area(s) is defined as the
focation of non-agueous phase liguid (NAPL) chemical, the
locations of highest soil or ground water concentrations of the
chemical{s) of concern or the location releasing the chemical(s)
of concern.

3.2.58 stakehwiders—Individuals, organizations or other en-
tities that directly affect or are directly affected by the correc-
tive action. Stakcholders include, but are not limited to,
owners, buvers, developers, lenders, insurers, government
agencies and community members and groups.

3.2.59 standard—As used in ASTM, a document that has
been developed and established within the consensus principles
of the Society and that meets the approval requirements of
ASTM procedures and regulations.

3.2.60 techmical policy decisions—The choices specific to
the user that are necessary to implement the Risk-Based
Corrective Action framework desceribed in this guide at a
particular site. The decisions involve regulatory policies, value
judgments, different stakeholder decisions and using profes-
sional judgment to evaluate available information, therefore,
there may be more than one scientifically supportable answer
for any particular technical policy decision. The choices
represent different approaches. The user should consult the
regulatory agency requirements to identify the appropriate
technical policy decisions prior to implementing the RBCA
process. Examples of technical policy decisions are, data
guality objectives, target risk levels, land use, ground water
use, natural resource protection, relevant ecological receptors
and habitats, stakeholder actification and involvement and
exposire factors.

3.2.61 Tier 1 Evaluarion—A risk-based analysis utilizing
non-site-specific corrective action goals for complete and
potentially complete direct and ndirect human exposure path-
ways and qualitative ecological screening evaluation for com-
plete and potentially complete exposure pathways for relevant
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ceological receptors and habitats. The non-site-specific corree-
tive action goals developed for human exposure pathways are
based on conservative assumptions (for example, exposure
factors, fate and transport parameters) and methodologies (for
example, algorithms, analytical models) to estumate the non-
site-specific values. The Tier 1 exposure pathways for human
receptors assume that the receptor and the source are located in
the same location. A qualitative ecological screening evalua-
tion is conducted that may be combined with RESC to evaluate
the potential exposures to relevant ecological receptors and
habitats. The Tier 1 evaluation for some chemical(s) of concemn
or exposure pathways may also be based on comparison of site
conditions to ORMC. The non-site-specific corrective action
goals for complete and potentially complete exposure path-
ways are compared to site conditions to determune if further
corrective action is warranted.

3.2.62 Tier 2 Evaluation—A risk-based analysis that in-
volves an incremental refinement of the Tier 1 methodology to
develop site-specific corrective action goals. The Tier 2 evalu-
ation for human exposure pathways may include developing
statistically representative concentrations of chemucal(s) of
concern for comparison to the Tier 1 corrective action goals,
back-calculating SSTL by applying the direct exposure path-
way corrective action goals established under a Tier 1 ¢valu-
ation at site-specific determined point(s) of exposure, develop-
ing S5TL for potential indirect exposure pathways at point(s)
of exposure using site-specific conditions and the Tier 1
methodology, or developing SSTL for complete or potentially
complete ¢xposure pathways using site-specific conditions for
which no RBSL were developed in Tier 1, or the evaluation
may employ a combination of alternatives. For relevant eco-
logical receptors and habitats, the Tier 2 evaluation may
involve additional qualitative or quantitative analyses. The Tier
2 evaluation for some chemical(s) of concern and exposure
pathways may also be based on comparison of site conditions
to ORMUC. The corrective action goals for complete and
potentially complete exposure pathways are compared to site
conditions to determine if further corrective action is war-
ranted.

3.2.63 Tier 3 Evaluation—A risk-based analysis that in-
volves a significant incremental effort over the Tier 2 evalua-
tion to develop site-specific corrective action goals. The Tier 3
evaluation for human exposure pathways typically uses ad-
vanced ¢xposure assessment, toxicity and risk assessment
techniques (for example, probabilistic exposure assessment
methods, use of bio-availability data, use of advanced fate and
transport modeling) allowing maximum flexibility to develop
S5TL for potential direct and indirect exposure pathways at the
point(s) of exposure based on site-specific conditions. A Tier 3
evaluation for relevant ecological receptors and habitats is
typically mose guantitative in nature and uses more sife-
specific data than previous tiers. The Tier 3 evaluation for some
chemical(sy of concern and exposure pathways may also be
based on comparison of site conditions to ORMC. The correc-
tive action goals for complete and potentially complete expo-
sure pathways are compared to site conditions to determine if
further corrective action is warranted.
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3.2.64 user—An individual or group involved in the RBCA
process including owners, operators, regulators, UST fund
managers, federal government case managers, attorneys,
consultants, legisiators and other stakeholders. Two specific
cases of users are envisioned. The first is the individual or
group addressing a site or sites under the circumstances where
there is no specific agency program or there are multiple
agency programs applicable to their project. The second i3 a
regulatory agency that is developing a comprehensive correc-
tive action program.

4. Significance and Use

4.1 The nsk-based corrective action (RBCA) process pre-
sented in this guide is & consistent, streamlined decision
process for selecting corrective actions at chemical release
sites.

4.2 Risk assessment s a developing science. The scientific
approach used to develop the RBSL and S5TL may vary by
regulatory agency and by user due to regulatory reguirements,
guidance and use of alternative scientifically-based methods.

4.3 Activities described in this guide should be conducted
by persons familiar with current site characterization
techmques, remedial action science and technology, current
human health risk and exposure assessment methodologies,
toxicology, and current ecological evaluation methodologies.

o0

4.4 In order to properly apply the RBCA process, the user
should AVOID the following:

4.4.1 Prescribing Tier | RBSL or RESC as remedial action
standards for all sites rather than screening levels,

4.4.2 Limiting use of the RBCA process to Tier | evaluation
only and not continuing with Tier 2 or Tier 3 analyses for sites
where further tier evaluation is appropriate,

4.4.3 Placing arbitrary time constraints on the corrective
action process; for example, requiring that Tiers 1, 2, and 3 be
completed within time periods that do not reflect the actual
urgency of and risks posed by the site,

4.4.4 Using the RBCA process only when active remedial
action is not technically feasible, rather than as a process that
is applicable during all phases of corrective action,

4.4.5 Conducting active remedial action to achieve only
technology-based remedial limits (for example, asymptotic
levels) prior to determining applicable corrective action goals,

4.4.6 Using predictive modeling that is not supported by
available data or knowledge of site conditions,

4.4.7 Limiting remedial action options to a single class of
remedial actions for all sites,

4.4.8 Using unjustified or inappropriate exposure factors,

4.49 Using unjustified or inappropriate toxicity parameters,

4.4.10 Failing to consider cumulative risks and additive
effects when evaluating multiple chemicals,

4.4.11 Excluding the evaluation of options for activity and
use limitations, point(s) of exposure, point(s) of demonstration,
sequencing remedial action activities at multiple sites on the
same facility, or risk levels,

4.4.12 Excluding the maintenance and monitoring of activ-
ity and use limirations,
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4.4.13 Failing to consider the long-term cffectiveness and
rehiability of potential remedial action options,

4.4.14 Failing to evahuate potential risks to the public, o
workers and to relevant ecological receptors and habitats that
may be created by proposed remedial actions or assessment
methods and

4.4.15 Continuing monitoring or remedial action at sites
that have achieved the corrective action goals (unless monitor-
ing is specifically required for an activity and use limitation or
another regulatory requirement). Achievement of corrective
action goals is predicated on sufficient monitoring to substan-
tiate the site conditions.

4.5 The RBCA process described in this guide includes
several features that are only examples of standardized ap-
proaches to addressing the objectives of the particular activity,
for example, the response action cvaluation table and the
cxposure scenario evaluation flowchart. These elements should
be custormized by the user based on the constraints of the site
or group of sites being addressed and the appropriate technical
policy decisions. The objectives of the analyses are identified
in this guide.

5. A Tiered Approach te Risk-Based Corrective Action
(RBCA)

5.1 Risk-based corrective action is the infegration of site
assessment, remedial action selection, and monitoring with
appropriate risk and exposure assessment practices. This cre-
ates a process by which corrective action decisions are made in
a consistent manner that is protective of human health and the
enviromment. Prior to implementing the RBCA process, the
user must identfy the relevant technical policy decisions
appropriate for the site (see 1.2, 1.3 and Appendix X1). The
user should also identify the appropriate stakeholder notifica-
tion and involvement process to provide information and to
collect wnput during the implementation of the RBCA process.

5.2 The RBCA process is implemented in a tiered approach,
involving increasingly sophisticated levels of data collection
and analysis as the user proceeds through the tiers. At each
further tier of evaluation, the assumptions of carlier tiers are
replaced with additional site-specific data and information.

5.3 There is some degree of uncertainty associated with all
rigk estimates and site assessments. In the RBCA process it is
necessary for the user to address uncertainty through the level
of conservatism applied to each tier. As the user moves through
the tier evaluation process, the level of conservatism should
decrease as the uncertainty decreases. The uncertainty should
be clearly articulated during cach tier of evaluation. The
analysis of uncertainty allows the user to determine if the
information obtained is adequate to make a decision. As the
user proceeds to higher tiers, the knowledge gained about the
site is used to tailor the degree of investigation needed, as
explained in the following sections. In some cases, after
completion of the Tier 1 evaluation, the user may find it
appropriate for somge exposure pathways to proceed directly 0
a Tier 3 evaluation. As contemplated here, the results of alf of
the completed tiers of analyses would be compiled into one
RBCA report at the end of the evaluation, Reporting require-
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ments and approvals must be determined based on the particu-
lar federal, state and local programs that apply to the site.

6. Risk-Based Corrective Action (RBCA) Procedures

6.1 The sequence of principal tasks and decisions associated
with the RBCA process are outlined on the lowcharts shown in
Fig. 1 and Fig. 2. Each of these actions and decisions is
discussed as follows. Prior to implementing these actions, the
user should identify the appropriate stakcholder notification
and involvement process to provide information and to collect
input during the implementation of the RBCA process. Infor-
mation is gathered in the initial site assessment to develop the
site conceptual model.

6.2 Inirial Sire Assessment-—The initial site assessment is a
planning and scoping activity to develop the site conceptual
model, (for example, identifying potential transport pathways
and potential receptors) based on the initial understanding of
the site. The planning and scoping activity is a critical part of
implementing the technical policy decisions due to the poten-
tial complexity of human and ecological exposure pathways.
This is especially important for ecological issues due to the
variety of relevant ecological receptors and habitats. Informa-
tion collected during the initial site assessment may identify
ncomplete exposure pathways that may eliminate the need for
any further evaluation of one or more exposure pathways or the
site. For example, some regulatory agencies specify processes
to define incomplete exposure pathways or define minimum
criteria, threshold quantities or concentrations of a chemical
release as an exclusion from or entry to a further RBCA
analysis for a site. If the information is sufficient to demon-
strate that there are no complete or potentially complete
exposure pathways, then no further action is warranted. If
minimum criteria, threshold quantities or concentrations that
define exclusion from a RBCA analysis are available and site
conditions meet these criteria, thresholds or concentrations, as
applicable, then no further action is warranted for the site.

6.2.1 The initial site assessment should include a review of
known or reasonably available information on:

6.2.1.1 Appropriate regulatory requirements;

6.2.1.2 Historical site activities, past releases and prior site
assessment information to identify potential chemical(s) of
concern, sources of the chemical(s) of concern, source arca(s).
human receptors and relevant ecological receptors and habitats,
and fate and transport mechanisms;

6.2.1.3 Potential current and reasonably anticipated future
use of the site and surrounding land;

6.2.1.4 Potential ground water and surface water use; and

6.2.1.5 Regional hydrogeologic and geologic
characteristics, (for example, depth to ground water, aquifer
thickness, flow direction, gradient, description of confining
units and ground water quality),

6.3 Site Conceprual Model—The site conceptual model is
developed to provide an overall understanding of the site and
inclades the hypotheses that form the basis of the RBCA
evaluation. It 15 also used to communicate the understanding of
the site to the stakeholders. Through the site conceptual model
the user identifies the complete and potentially complete
exposure pathways. The site conceptual model provides a
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Initial Site Assessment {6.2, 6.3)

Collect known or reasonably available site information.
Bevelop site conceptual modal,

Yes

Criteria for exclusion from
RBCA analysis are gvailable
and site conditions meet
these criteria?

Iinformation suffidient to
demonstrate no complete
or potentially completg
pathways?

Yes

i

Response Action Evaluation and Response Actions {6.6)
Evaluate the site for response actions. Implement response

Interim Remedial
Action {(6.10.1.1)

Conduct pa

removal or other actions

actions appropriate for site conditions. Re-evaluate response -
actions, as appropriate, following Response Actions, interim
Ramedial Actions, or additional data collection.

-

¥

Tier 1 Evaluation (6.3, 6.4, 6.5.1-.2, 6.7.1, 6.8, 6.5, 6.10)}
Conduct site assessment. Refine site conceptual model.

Identify or develop appropriate Tier 1 corrective action goals, Le,,
risk-based screening levels (RBSL), relevant ecological

screening criteria {RESC), and other relevant measurable criteria
{ORMC). Compare site conditions to the corrective action goals,

to reduce the risk(s) re-

evaluate

actions, then returm to
the applicable Tier
Evaluation

rifal source

response

p

3

Go To: No Further Action Figure 2

Yes

Site conditions
meet corrective
action goals?

Yes Interim Bemedial

Action appropriate?

Tier 2 Evaluation (6.3, 6.4, 6.5.3, 6.7.2, 6.18, 6.11}
Collect additional data as needed.
Review and revise site conceptual model, as appropriate.

action

Develop or identify Tier 2 corrective action goals, Le., site-specific
target levels {SSTL), site-spedific ecological ariteria (SSEC), or
ORMC. Compare site conditions to the corrective action goals,

Remedial Action
based on corrective

ractiaable?

Yes

goals

Yes

Site conditions
meet corrective
action goals?

Interim Remedial
Action appropriate?

e (GO TO! Monitoring Figure 2 Go To: Tier 3 Bvaluation Figure 2
FiG. 1 RBCA Flowchart {After E1739-95}
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Tier 3 Evaluation (6.3, 6.4, 6.5.4, 6.7.2, 6,18, 8.12)

Collect additional sife data as nesded,

Review and revise site conceptual model, as appropriate,
Develop or identify Tier 3 corrective action goals, Le, S5TL,
SSEC, or DRMC. Compare site conditions to the corrective
action goals,

Go To: Interim Remedial Action Figure 1

Interim Remedial
Action
appropriate?

Site conditions
meet corrective
action goals?

Yes .

1

Remedial Action Program {6.10.1.2 and 6.13)

Identify alternatives based on corrective action goals including
combinations of source removal, freatment, natural attenuation,
and activity and use limitations. Evaluate remediat action
alternatives. Choose an appropriste alternative. Design and
mplement the chosen remedial action.

|

Monitoring {6.14)
-  Design and implement an appropriate monitoring program
based on the site conditions and the corrective action goals.

|

Y

¥

4

Return {0 ter evaluation,
if conditions have
changed {6.13.5 &
6.14.2)

Continued
Monitoring
Required?

Corrective
Action Goals
Achieved?

| Mo Further
| Action (6.2,

6.10.3 and
6.16)

FIG. 2 RBCA Flowchart (Continued) (After E1738-95)

template to conduct the exposure pathway evaluation, inven-  Response Actions (see 6.0). The site conceptual model is
tory the exposure pathways evaluated, and determine the status developed as part of the initial site assessment and is updated
of the exposure pathways as incomplete, potentially complete as additional data are gathered throughout the RBCA process.
or complete. It also provides a means to identify potential
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Subsequent site assessment activities are conducted to refine
the site conceptual model and conduct the ticr analyses.

6.3.1 Exposure Pathway Evaluation—The user Is respon-
sible for idewmtifying the complete and porentially complete
exposure pathways for a site. An EXAMPLE exposure path-
way evaluation flowchart is presented in Fig. 3, and it may be
used as a tool to guide the user in selecting appropriate
exposure scenarios based on site assessment information. 7his
figure is only presented as an example of the kind of visual
representation that may be useful in the evaluation of exposure
pathways. Other types or forms of charts or tables may also be
used in the evaluation.

6.3.1.1 Idenrify Receptors—To identify receptors and rel-
evant ¢cological receptors and habitats, consider current and
reasonably anticipated future site and surrounding fand use.

6.3.1.2 Characterize Site Sources and Exposure Pathways—
Use the data and information collected throughout the RBCA
process to identify relevant sources, transport mechamsms, and
exposure pathways. More than one flow chart may be needed
to correspond to multiple sources with different exposure
pathways.

6.3.2 In each successive tier of evaluation the complete and
potentially complete exposure pathways are re-evaluated in
light of the additional data collected. Further evaluations are
not conducted for exposure pathways determined to be incom-
plete,

6.4 Data Quality Objectives—Throughout the RBCA
process, appropriate data quality objectives should be deter-
mined for the task that is being conducted. These objectives
integrate the site specificity of data needed for each task and
applicable regulatory requirements. The user may generate
site-specific data and information or estimate reasonable values
for key physical characteristics using soil survey data and other
reasonably available information. Sufficient quantity and qual-
ity of data should be collected during the RBCA process to
meet the data guality objectives for any aspect of the RBCA
evaluation. In addition, the guality and quantity of data
collected must be consistent with the objectives of the particu-
lar task within the RBCA evaluation. The user is referred to
Guide Fi1912 and Ref (1)® and other references for more
information.

6.5 Site Assessmemt—In general, the site assessment gathers
the information necessary to implement the RBCA analyses.
Among the tasks for which site assessment data are used are:
refining the site conceptual model, determining appropriate
response actions, performing buman health and ecological risk
evaluations and making decisions for further tier evaluation, no
further action, interim remedial action or remedial action for
the complete and potentially complete exposure pathways.
State and local government and local community sources
should be consulted, as appropriate, in the collection of the site
assessment information. Adequate site assessment is ¢ritical to
the RBCA process to identify sources of chemical(s) of
concern that may exist at the site. The site assessment data
should be summarized in a clear and concise format (for

4 The boldface numbers given in parentheses refer fo a Hst of references at the
end of the text.
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example. using Fig. 3 or Guide E1689). The site assessment 15
fimited to gathering only the information necessary at cach tier
to cvaluate the complete or potentially complete exposure
pathways identified in the site conceptual model.

6.5.1 If complete or potentially complete exposure path-
ways are identified during the site conceptual model develop-
ment indicating that the tiered evaluation is appropriate, then a
site assessment for the Tier 1 evaluation should be conducted.
The purpose of the site assessment is to gather information
relevant to the evaluation of the complete and potentially
complete exposure pathways defined by the site conceptual
model. The information collected should also be used to
improve the understanding of the site through refinements to
the site conceptual model. The site assessment for Tier |
should include mformation to;

6.5.1.1 Identify chemical(s) of concern;

6.5.1.2 Locate sources of the chemical(s) of concern and
source arca(s), to the extent practicable;

6.5.1.3 Locate maxymum concentrations of chemical(s) of
concern in different media (for cxample, air, soil, soil gas,
surface water, sediments, ground water);

6.5.1.4 Locate human receptors and relevant ecological
receptors and habitats that could be impacted;

6.5.1.5 ldentify potentially significant transport and human
and ecological exposure pathways (for example, ground water
transport, vapor migration through soils and utilities);

6.5.1.6 Identify current and reasonably anticipated future
use of the site and surrounding land. This identification should
include an evaluation of ground water resources, surface water
and relevant ecological receptors and habitats;

6.5.1.7 Identify state or local ground water classifications,
options for alternative classifications or designations applicable
to the site; and

6.5.1.8 Determine regional and site-specific hydrogeologic
and geologic characteristics, (for example, depth to ground
water, aguifer thickness. flow direction, gradient, description of
confining units and ground water quality).

6.5.2 The site assessment for Tier 1 may also collect
information to;

6.5.2.1 Calculate an appropriate upper confidence limit on
concentration data for chemical(s) of concern. if sufficient data
are available;

6.5.2.2 Determine background concentrations of chemi-
cal(s) of concern in environmental media (see Appeadiz X1);

6.5.3 The purpose of the site assessment under Tier 2 is to
gather information relevant to the complete and potentially
complete exposure pathways defined by the site conceptual
model and determined, based on the Tier 1 results, to require
further tier ¢valuation. The information collected should also
be used to improve the understanding of the site through
refinements to the site conceptaal model. In addition to the
information gathered under 6.2, 6.5.1 and 6.5.2 and updates to
that information, if the Tier 2 evaluation is appropriate, the site
assessment should collect information to:

6.5.3.1 Determine site-specific hydrogeologic and geologic
characteristics (for example, depth to ground water, aquifer
thickness, hydraulic conductivity, flow direction and velocity,
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gradient, description of lithology and confining units and
ground water quality);

6.5.3.2 Determine concentrations of chemical(s) of concern
in environmental media, and site conditions relative to the
corrective action goals;

6.5.3.3 Determine changes in concentrations of chemical(s)
of concern over time (for example, stable, increasing, decreas-
ing);

6.5.3.4 Determine concentrations of chemical(s) of concern
measured at point{(s) of exposure (for example, concentrations
in nearby drinking water wells, concentrations in surface water
or vapor concentrations in nearby conduits or sewers);

6.5.3.5 Evahluate complete and potentially complete expo-
sure pathways for human receptors and relevant ecological
receptors and habitats to refine the list of complete and
potentially complete exposure pathways and determine those
that are incomplete exposure pathways, and;

6.5.3.6 Determine point(s) of demonstration (see 3.2.30).

6.5.4 The purpose of the site assessment under Tier 3 is
gather information relevant to the complete and potentially
complete exposure pathways defined by the site conceptual
model and determined, based on the Tier 2 results, to require
further tier evaluation. The information collected should also
be used to improve the understanding of the site through
refinements to the site conceptual model. In addition to the
information gathered under 6.2, 6.5.1, 6.5.2 and 6.5.3, if the
Tier 3 evaluation is appropriate. the sitc assessment may
include significant additional information collection required
for site-specific modeling efforts.

6.6 Response Action  Evaluations and  Response
Actions—As the user gathers data, site conditions should be
evaluated and a response action should be implemented,
consistent with site conditions and simultaneously with the
ticred cvaloation process to mitigate known or potential
hazards. Sites arc first evaluated by the need and urgency for
response action based on information collected during the
initial site assessment. This process is repeated when new data
indicate a significant change in site conditions, as additional
data affords a more detailed characterization of the site, or after
interim remedial actions. Table 1 presents EXAMPLE site
conditions and potential responses.

Note 1—The response actions given in Table 1 are only examples. The
user should select options that best address the short-term human health,
safety and envirommental concerns of the site while implementing the
RBCA process.

6.6.1 The site conditions and response actions given in
Table 1 are examples. The user should base the response
actions for a site on the current and potential degree of hazard
to human health, safety and the environment. For example,
sites may pose an immediate, short-term (-2 vears) or longer-
term (greater than 2 years) threat to human health, safety and
the environment,

6.6.2 Associated with each site condition in Table | is a
response action; the response actions are implemented to
climinate potential for future impacts that may occur as the
user proceeds with the RBCA process. Note that response
actions do not always require active remedial action: in many
cases the response action i3 to monitor or further assess site
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TABLE 1 Example Site Conditions and Response Aclions

Site Conditions

Example Response Actions

Immediate threat to human health,

safaty, or relevant ecological receptors

and habftats

» Explosive levels of vapors present in
a building

= An active public water supply is
impacted by chemicals of concern

¢ Threatened and endangered species
are impacied

Short Term (0-2 years) threat to human
health, safety, or relevant ecological
receptors and habitats.

» Chronic concernitrations of chemical(s)
of concem have been measured in
shallow surface soils that are open to
public access

¢ Impacted surface water, storm water,
or ground water discharges to a
nabitat, or surface water body used for
human drinking water or contact
recreation.

Long-term (>2 years) threat to human

health, safety, or relevant ecological

receptors and habitats.

» Ground waler is impacted and potable
water supply wells producing from the
impacted interval are located »2 years
ground water travel time from the
dissalved plume.

« Impacted surface waler, storm water,
or ground water discharges within
1500 feet of a habitat, or surface water
hody used for human drinking water or
contact recreation.

Notify appropriaie authoritias, property

owners, and potentially affected

parties, and evaluale the need to:

» Evacuate occupants, begin
abatement measures

= Provide alternate water supply

s Implement containment measures
and habitat managemeant to minimize
extent of impact

Notify appropriate authorities, property

owners, and potentially affected

parties, and evaluale the need to:

» Remove soils, cover soils, or restrict
access.

¢ Insiitute containment measures,
rastrict access to areas near
discharge, and evaluate the
magnitude and impact of the
discharge.

Notify appropriaie authoritias, property

owners, and potentially affected

parties, and evaluale the need to:

» Monitor the dissolved plume and
evaluate the potential for natural
attenuation and the need for
hydraulic control.

« Investigate current impact an habitat
or surface water body, restrict access
o area of discharge (if necessary)
and evaluate the need for
containment/control measures,

conditions to ensure that risks posed by the site do not increase
above acceptable levels over time.
6.6.3 The site should be re-evaluated when additional site

information is collected which indicates a significant change
(including an improvement) in site conditions or when imple-
mentation of a response action or an interim remedial action
causes a significant change in site conditions.

6.7 Development of Corrective Action Goals—At cach tier
the user identifies or develops the applicable corrective action
goals based on the current or potential e¢xposure pathways.
These will be a combination of RBSL, RESC. 88TL, SSEC
and ORMC., Technical policy decisions regarding ORMC may
exist, or may need to be made to determine the levels or
performance criteria that are used for the corrective action
goals. The user should recognize that the specific combination
of RBSL, RESC, S8TL, SSEC and ORMC to be used as
cotrective action goals for a particular site is determined based
on the technical policy decisions.

6.7.1 Tier I Corrective Action Goals—The corrective action
goals in Tier 1 are the RBSL. RESC or GRMC, as applicable.
If an RBSL, RESC or ORMC is not available, the user may
develop an RBSL, RESC or ORMC. ¥f RBSL are available, the
user is responsible for determining that the RBSL are based on
currently acceptable methodologies and parameters and are
appropriate for the site(s). I there is no applicable RBSL,
RESC, or ORMC for a specific exposure scenario, then the
exposure pathway cannot be evaluated in Tier 1 and it is carried
to a Tier 2 evaluation. In Tier 1, the point{s) of exposure and
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point{s) of demonstrarion are assumed to be located proximal
to the source arca(s), regardiess of the actual, or potential
future, location of the receptor.

6.7.1.1 The RBSL are concentration values for cach chemi-
cal of concern in environmental media (for example, soil, water
and air), based on the technical policy decisions for incremen-
tal carcinogenic risk levels and hazard guotients and on the
potential exposure scenarios for human receptors (for example.
residential, commercial, industrial, agricultaral).

6.7.1.2 The RBSL are determined ufilizing typical, non-site
specific values for exposure parameters and physical param-
eters for media. For each exposure scenario the RBSL are
based on current human health parameters (for example,
USEPA RME), and current human toxicological information
such as in the USEPA Integrated Risk Information System
(IRIS) Database, Health Effects Assessment Sumumary Tables
(HEAST), State sources, peer-reviewed source(s), agency ap-
proved toxicity data for proprictary chemicals or the best
avatlable toxicity data. Consequently, the RBSL are updated
when new methodologics and parameters are developed.

6.7.1.3 When developing Tier 1 RBSL, cumulative risks
and additive effects should be considered.

6.7.1.4 1 RBSL or RESC are not developed or ORMC are
not appropriate for complete or potentially complete exposure
pathways, then further evaluation for those exposure pathways
is conducted in Tier 2.

6.7.1.5 For indirect exposure pathways, fate and transport
models can be used to predict RBSL at a source area that
correspond 1o eXposure point concentrations.

6.7.1.6 The user should always review the assumptions,
technical policy decisions and methodology nsed to derive
values the RBSL to make sure that they are consistent with
reasonable maximum exposure scenarios for the site being
considered as well as currently accepted methodologies.

6.7.1.7 Appendix X3 provides examples of the derivation of
RBSL for a range of compound types. The assumptions and
methodology used in deriving the examples are discussed in
Appendix X3, Note that not all of the possible exposure
pathways arc considered in the derivation of the examples.
Appendix X3 is presented solely for the purpose of providing
examples of the development of the RBSL. The values and
methodologies should nor be viewed as proposed RBSL.

6.7.2 Tier 2 and 3 Corrective Action Goals—The corrective
action goals in Tier 2 and Tier 3 are the S8TL, SSEC o
ORMC, as applicable. Tier 2 and Tier 3 provide the user with
options for human exposures to determine S8TL and point(s)
of exposure. Corrective action goals are based on S5TL, SSEC
and ORMC that are protective of human health and the
environment, It is important to note that Tier 1 RBSL, Tier 2
SSTL and Tier 3 85TL are based on achieving similar levels of
protection of luman health. Similar levels of protection are
defined by the technical policy decisions on risk targets,
methods for addressing curmulative risks and additive effects
and methods for addressing uncertainty. Tier 2 and Tier 3
provide the user options to determine SSEC for relevant
ceological receptors and habitats, Tier 2 and Tier 3 also provide
the user with the option to develop or refine ORMC, where
applicable, consistent with the technical policy decisions. In
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Tier 2 and Tier 3 the corrective action goals for the source
arca(s), point(s) of demonstration and point(s) of ¢xposure may
be different values or ¢riteria, for example, different concen-
trations of chemical(s) of concern in environmental media
based on the fate and transposrt relationships between the
various locations.

6.7.2.1 For human exposure pathways, the Tier 2 85TL can
be derived from the same equations used to calculate Tier 1
RBSL, except that site-specific parameters are used in the
calculations. The additional site-specific data may support
alternate fate and transport analyses. The Tier 2 apalysis may
mnvolve applying Tier 1 RBSL at more probable point(s) of
exposure. The SSTL may also be needed for potential exposure
pathways using site-specific conditions for which no RBSL
were developed or ORMC were appropriate in Tier 1. The
development of SSTL may also consider a combination of
these methods.

6.7.2.2 For relevant ecological receptors and habitats, the
Tier 2 evaluation may involve the development of S5EC and
the comparison of site conditions to S5EC. Other qualitative or
guantitative analyses may also be appropriate for a Tier 2
evaluation.

6.7.2.3 For human exposure pathways, Tier 3 provides the
user with an option to determine S8TL for both direct and
indirect human exposure pathways using site-specific param-
eters and point(s) of exposure and point{s) of demonstration
when it is judged that Tier 2 SSTL should not be used to
determine corrective action goals,

6.7.2.4 Cumulative risks and additive effects should be
considered when developing Tier 2 and Tier 3 S8TL.

6.7.2.5 For relevant ecological receptors and habitats, a Tier
3 evaluation is typically guantitative in nature and involves
more site-specific data than previous tiers. Determination of
SSEC may involve a more extensive sitg-specific analysis. In
developing the SSEC, the user should consult current federal,
state and other information.

6.7.3 Use of Mulii-Component Measurements—Various
multi-component measurement chemical analyses are often
used in site assessments. These methods include, total petro-
Ieum hydrocarbons (TPH), total organic carbon (TOC) and
total organic volatiles (TOV), and usually determing the total
amount of a class of compounds. Some of these multi-
component measurements are general measures and as such
may provide insufficient information about the amounts of
individual chemical(s) of concern present to calculate risk.
However, new methods for the evaluation of multi-component
measurements in terms of risk and exposure are being devel-
oped. If multi-component measwrements are used as corrective
action goals in any tier evaluation, the user is responsibie for
determining that the evaluations are based on currently accept-
able methodologics and parameters that are applicable to
risk-based calculations.

6.8 Tier I Evaluation——Tier 1 provides the user the option to
identify or develop the corrective action goals (see section
6.7.1). If there is no corrective action goal for a specific
exposure scenario. then the exposure pathway casnot be
evaluated in Tier | and it is carried to a Tier 2 evaluation. In
Tier 1, the point(s) of exposure and point(s) of demonstration
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are assamed to be located proximal to the source arca(s),
regardless of the actual or potential future location of the
point{s) of exposure. The site conditions as determined through
the initial site assessment and the site assessment for Tier | are
compared to the corrective action goals based on the complete
and potentially complete exposure pathways defined by the site
conceptual model. In Tier 1, the quantity of assessment data are
typically limited, therefore conservative assumptions about site
conditions are used for the comparison. For example the
maximum concentrations of chemical(s) of concern are com-
pared to the RBSL or ORMC. I there are sufficient site
assessment data, the user may choose to use a statistically
derived value rather than a conservative value. Background
conditions should also be considered in the Tier | comparisons.
In Tier 1, the evaluation for relevant ecological receptors and
habitats should take the form of qualitative analyses, as
discussed in 6.9,

6.9 Ecological Evaluation—Utilize a qualitative ecological
screening evaluation to support the identification of relevant
ecological receptors and habitats, to select relevant ecological
exposure pathways and to identify potential chemical(s) of
concern (see Appendin X5). Due to the complexity of ecologi-
cal systems, if exposure pathways are complete or potentially
complete, then a refinement of the exposure pathway analysis
should occur in Tier 1 to focus the assessment as carly in the
process as practicable or appropriate. Selection of RESC or
development of RESC should occur, and a comparison to site
conditions made. If after this refinement, complete or poten-
tially complete ecological exposure pathways still exist for
relevant ecological receptors and habitats on or near the site,
then a site-specific assessment should be conducted. The
site-specific assessment may involve selection of RESC or the
development of SSEC, as applicable. This may include litera-
ture values, determining the foxicity of media to test
organisms, biological surveys or multiple lines of evidence.

6.10 Evaluation of Tier Resulis—Within cach tier evaluation
the user compares the site conditions to the corrective action
goals.

6.10.1 If site conditions meet corrective action goals for
chemical(s) of concern, then no further action may be appro-
priate (see 6.10.3). If site conditions do not meet the corrective
action goals, then interim remedial action, remedial action, or
further tier evaluation must be conducted.

6.10.1.1 Inferim Remedial Acrion—An interim remedial ac-
tion may be more practical than attempting to implement a
comprehensive remedial action (for example, when the desired
risk reduction i3 infeasible due to technology or resource
limitations). Furthermore, if interim remedial actions can
reduce or eliminate a short-term threat, then interim remedial
action steps should be employed before proceeding to fusther
tier evaluation. If an interim remedial action is selected in the
evaluaton under 6,101 as the most appropriate option, then a
design is implemented to address the most significant concerns
in an expedited fashion. The interim remedial action may
include removal or treatment of source area(s) with complete
or potentially complete exposure pathways, or another method
to address the most significant exposure concerns, 1o reduce
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migration, and facilitate reassessment of the tier ¢valuaton.
Interim remedial actions may also lead to further evaluation of
response actions,

6.10.1.2 Remedial Action—If remedial action is selected in
the evaluation under 6.10.1 as the most appropriate option,
then a remedial action is designed and implemented to reduce
concentrations at the point(s) of exposure, to eliminate an
exposure pathway, or to address a potentially unacceptable risk
to relevant ecological receptors and habitats, The remedial
action may inchude some combination of source removal,
treatment, and containment technologics, ¢xposure pathway
elimination as well as activity and use limitations (for addi-
tional discussion see 6.13). Examples of these include soil
removal, soil venting, bioventing, air sparging, pumping for
hydraulic control, chemical fixation, capping, industrial work-
place protective practices and natural attenuation. When site
conditions meet corrective action goals, then the user may elect
to move to 6.10.3. Additionally, remedial action may be used to
reduce concentration(s) of chemical(s) of concern, reduce
exposures and facilitate a re-evaluation of the tier analysis.

6.10.1.3 Further Tier Evaluation—1f further tier evaluation
is warranted, additional site assessment information should be
collected to develop or identify corrective action goals under a
Tier 2 or Tier 3 evaluation (see 6.7.2). Further tier ¢valuations
are conducted only for the complete and potentially complete
exposure pathways. Further tier ¢valuation is warranted when:

{1} The basis for the Tier 1 or Tier 2 corrective action goals,
as applicable, (for cxample, hydrogeology. exposure
parameters, point(s) of exposure, reasonable land use options)
are not representative of the site-specific conditions; or,

(2) The Tier 1 or Tier 2 corrective action goals, as
applicable, do not exist for a complete and potentially complete
exposure pathway: or,

(3} The corrective action goals developed under further
tier evaluation will be significantly different than the Tier 1 or
Tier 2 corrective action goals, as applicable, or will signifi-
cantly modity the remedial action activities; of,

(4) The cost of remedial action to achieve Tier 1 or Tier 2
corrective action goals, as applicable, will likely be greater
than the cost of further tier evaluation and subsequent remedial
action.

6.10.2 I site conditions meet corrective action goals, but the
user is not confident that data support the conclusion that the
site conditions will meet the corrective action goals in the
future, then the user institutes a monitoring plan to collect data
sufficient to confidently conclude that site conditions will meet
corrective action goals in the future (see 6.14). After these data
are collected, no further action may be appropriate (see 6.10.3).
If site conditions will not meet corrective action goals in the
future, then initial remedial action. remedial action or further
tier evaluation is appropriate (see 6.10.1)

6.10.3 If site conditions mect corrective action goals and the
user is confident that data support the conclusion that site
conditions will meet corrective action goals in the future. then
no additional corrective action activities are necessary, and the
user has completed the RBCA process. In practice, this is often
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accompamed by the issuing of a No Further Action letter, or its
cquivalent, by the applicable regulatory agency {sce Appendix
X1

6.11 Tier 2 Evaluarion—Tier 2 provides the user with an
option to determine the site-specific point(s) of exposure and
point(s) of demonstration and corresponding corrective action
goals for the chemical(sy of concern applicable at the point(s)
of demonstration and source arca(s) as well as corrective action
goals for relevant ecological receptors and habitats (sce 6.7.2).
Additional site asseasment data may be required; however, the
incremental effort may be minimal relative to Tier 1. In most
cases, only a limited number of exposure pathways, exposure
scenarios, and chemical(s) of concern are considered in the
Tier 2 evaluation since many are eliminated from consideration
during the Tier ! evaluation. In Tier 2, the evaluation for
relevant ecological receptors and habitats can take the form of
additional qualitative or gquantitative analyses.

6.11.1 In Tier 2 for human health the user identifics the
direct and ndirect complete and potentially complete exposure
pathways. The Tier 2 evaluation may include;

6.11.1.1 For the complete and potentially complete indirect
cxposure scenarios, identification of the appropriate site-
specific poini(s) of exposure and point(s) of demonstration. A
combination of assessment data and predictive modeling re-
sults are used to determine the S5TL at the source area(s) or the
point(s) of demonstration, or both, or

6.11.1.2 Application of the RBSL, or ORMC, for the direct
eXposure scenarios at site-specific point{s) of exposure (as
opposed to the source area(s) as is done in Tier 1). The SSTL
for source arga(s) and point(s) of demonstration can be
determined based on the demonstrated and predicted attenua-
tion (that is, reduction in concentration with distance) of
compounds that migrate away from the source arca(s), or

6.11.1.3 Application of a statistical data handling method,
when appropriate data exist, to the source area(s) data and
comparison of the representative source area(s) concentration
to the RBSL, or

6.11.1.4 Application of the site-specific exposure and site
condition values to the Tier 1 RBSL calculations to determine
SSTL for the source area(s), or

6.11.1.5 Implementation of alternate fate and transport al-
gorithms to determine SSTL, or

6.11.1.6 Development of SSTL may consider a combination
of these methods.

6.11.1.7 The SSTL may also be needed for potential expo-
sure pathways using site-specific conditions for which no
RBSL were developed or ORMC identified in Tier 1.

6.11.1.8 An example of Tier 2 application is illustrated in
Appendix X7,

6.11.2 The Tier 2 evaluation of the RBCA process involves
the development of 55TL based on the measured and predicted
attenuation of the chemical(s) of concern away from the source
arca(s) using relatively simplistic mathematical models. The
S5TL for the source arca(s) are generally not equal to the SSTL
for the point(s) of demonstration. The predictive models are:

6.11.2.1 Relatively sumplistic, and are often algebraic or
semi-analytical expressions,
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6.11.2.2 Limited to practicably attainable site-specific data,
or easily estimated quantities (for example, total porosity,
fraction organic carbon, depth to ground water) for input
parameters, and

6.11.2.3 Based on descriptions of relevant physical and
chemical phenomena. The models are relatively simple, (that
is, certain complex mechanisms are neglected) which results in
predicted concentrations that are greater than those likely to
occur (for example, assuming constant concentrations in
source arca(s)). Appendix X4 discusses the use of predictive
models and presents models that might be considered for Tier
2 evaluation.

6.11.3 For relevant ecological receptors and habitats the
Tier 2 evaluation may involve further site-specific evaluation
utilizing additional qualitative or guantitative analyses.

6.11.4 Compare the site conditions to the Tier 2 corrective
action goals. Identify the exposure scenarios where the site
conditions do not meet the corrective action goals and evaluate
these scenarios in accordance with 6.10.

6.12 Tier 3 Evaluarion—In a Tier 3 evaluation for both
human health and relevant ecological receptors and habitats,
corrective action goals are developed on the basis of more
sophisticated statistical evaluations and chemical fate and
transport analyses, using site-specific input parameters for both
direct and indirect exposure scenarios, as well as alternative
toxicity data. exposure factors and bio-availability information,
(see 6.7.2). Tier 3 evaluations could involve collection of
significant additional site information, statistical evaluation of
that data and completion of more extensive modeling efforts
than required for either a Tier 1 or Tier 2 evaluations.
Cumulative risks and additive effects are important consider-
ations in Tier 3 analyses.

6.12.1 Tier 3 analyses may inchude the following:

6.12.1.1 The use of numerical ground water modeling codes
that predict time-dependent dissolved chemical transport and
account for spatially varying permeability fields to predict
exposure poini(s) concentrations,

6.12.1.2 The usc of site-specific data, mathematical models,
alternative toxicity data, bio-availability information and

6.12.1.3 Implementation of probabilistic exposure analysis
methods to guantify the uncertainties in the exposures for a
given site (see Appendix X2 and Appendix X4), and

6.12.1.4 The gathering of sufficient data to refine site-
specific parameter estimates (for example, biodegradation
rates, desorption factors) and improve the accuracy of the
model predictions.

6.12.2 In a Tier 3 evaluation for relevant ecological recep-
tors and habitats, activities to identify applicable SSEC are
quantitative in pature. Where appropriate, these assessments
may be conducted in accordance with current federal or state
acceptable methods for refevant ecological receptors and
habitats.

6.12.3 Compare the site conditions to the Tier 3 corrective
action goals. Identify the cxposure scenarios where the site
conditions do not meet the corrective action goals and evaluate
these scemarios in accordance with 6.10, except that a tier
upgrade (6.10.1.3) 1s not available.
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6.13 Implementing the Selected Remedial Action Program-—
When it is judged by the user that no further tier evaluation is
necessary, or practicable, or applicable, a remedial alternatives
evaluation should be conducted to determine the appropriate
remedial actions necessary to achieve the corrective action
goals determined for the site. Because remedial action itself
can create new risks, inchuding imposing significant physical,
biological and chemical stresses on relevant ecological recep-
tors and habitats, the remedial action should be balanced
against the short and long term risks consistent with the
technical policy decisions.

6.13.1 The remedial alternative evaluation should consider
the applicable technical policy decisions and the following for
cach remedial action:

6.13.1.1 Effectiveness of the remedial action in protecting
human health and the environment,

6.13.1.2 Long-term reliability and probable success in meet-
ing the corrective action goals now and in the future,

6.13.1.3 Short-term risks posed by the implementation of
the remedial action,

6.13.1.4 Amenability of the remedial action to integration
with property redevelopment plans,

6.13.1.5 Acceptability of the remedial action to the
stakeholders,

6.13.1.6 Implementability and technical practicability of the
remedial action. and

6.13.1.7 The cost-effectivencss of the options t© meet the
corrective action goals.

6.13.2 Based on the alternative evaluation conducted under
6.13.1, a remedial action(s) 15 selected. The detailed design and
specification of the selected alternative(s) are then developed
for installation and operation.

6.13.3 The remedial action is implemented in accordance
with the design and specification developed under 6.13.2.
Following implementation, monitoring should be conducted to
ensure that the design conditions are being met by the remedial
action (see 6.13.4 and 6.14).

6.13.4 The remedial action must continue until such time as
monitoring indicates that the corrective action goals have been
met for a statistically significant number of monitoring periods.
at the point(s) of demonstration or source arca(s), or both, as
appropriate.

6.13.5 At any time during the remedial action:

6.13.5.1 If site conditions change (for ¢xample, property use
changes from residential to commercial and this was not
anticipated in the future use of the property) or new data
becomes available (for example, more refined aquifer
parameters, site-specific biodegradation rates, new (oxicity
data for the chemical(s) of concern, or site-specific exposuie
factors are better defined) that would impact the corrective
action goals, the user should return to the tier evaluation.

6.13.5.2 If the remedial action was initiated with Tier 1 or
Tier 2 corrective action goals, the user may choose to return to
the next higher tier evaluation.

6.13.5.3 If concentrations of chemical{s) of concern de-
crease to an asymptotic level that is above the comrective action
goals, at the point(s) of demonstration, the user must choose to
cither conduct further tier evaluation (unless Tier 3 has already
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been completed), modify the remedial action system or further
reduce or eliminate cxposures through activity and use himita-
tions.

6.13.6 Similar remedial actions can be implemented at
different sites with different design objectives depending on the
chemical(s) of concern, the hydrogeological setting and the
corrective action goals. For example at one site ground water
pumping may be implemented for hydraulic control while at
another the ground water pumping may be used for source
removal, In addition, the reliability of different designs for
different objectives will be different. Further, the reliability of
different remedial action options will vary depending on the
site setting and potentially on the regulatory and legal structure
of the jurisdiction in which the site is located (for example, the
reliability of activity and use limitations varies depending on
the structure of the limitation and the jurisdiction in which it is
implemented, see Appendix X6).

6.14 Implementing a Monitoring Program—In many cases
monitoring is appropriate. Upon completion of this monitoring
effort (f required), no further action is required.

6.14.1 Monitoring is necessary {o:

6.14.1.1 Demonstrate the effectiveness of the implemented
remedial action, or

6.14.1.2 Confirm that current conditions persist or improve
with time, or

6.14.1.3 Verify model assumptions and conditions.

6.14.2 If monitoring does not demonstrate the effectiveness
of the implemented remedial action the user should reevaluate
the remedial action (sce 6.13). If the monitoring does not
contirm that current conditions persist or improve with time or
verify model assumptions and conditons then the user should
return to the applicable tier evaluation (see 6,11 and 6.12).

6.15 Site Muaintenance—In addition to monitoring, some
remedial actions (for example. physical barriers - capping,
hydraulic control, or activity and use limitations) require
maintenance 1o ensure integrity and continued performance.
The required maintenance should be conducted until corrective
action goals have been demonstrated. In the case of some
activity and use limitations site maintenance may be needed
bevond the remedial action closure (see 6.16).

6.16 No Further Action and Remedial Action Closure—No
further action 18 necessary when corrective action goals have
been demonstrated (as required in 6.1(0.3) to be achieved.
Under these circumstances, if monitoring and site maintenance
are no longer required to ensure that conditions persist, then no
further action is necessary, except to ensure that activity and
use limitations (if any) remain in place. If these conditions are
met, the closure should be documented. Example closure
instruments are discussed in Appendiz X1,

6.17 RBCA Report—After completion of the final der
evaluation, a RBCA report should be prepared. The report must
include all of the data collected to support the RBCA decisions
that were made. The report content will depend on the specific
site, the tier evaluation and the requirements of the regulatory
agency, however the RBCA report will typically include the
following:

6.17.1 An executive summary,
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6.17.2 A site description,

6.17.3 A summary of the site ownership and use,

6.17.4 A summary of past releases or potential source arcas,

6.17.5 A summary of the current and completed site
activities,

6.17.6 A description of regional hydrogeologic conditions,

6.17.7 A description of site-specific hydrogeologic
conditions,

6.17.8 A summary of reasonably anticipated use,

6.17.9 A summary and discussion of the site conceptual
model, the exposure pathway analysis and the qualitative
ecological screening cvaluation,

6.17.10 A summary of the tier evaluations conducted, in-
cluding the methods and assumptions used to derive the
corrective action goals,

6.17.11 A sammary of the analytical data and the appropri-
ate corrective action goals used,

E2081 - 00 (2015)

6.17.12 A site map of the location,

6.17.13 An extended site map to include significant features
(for example local land use and ground water supply wells),

6.17.14 Site plan view showing location of facility or site
structures {for example, aboveground storage tanks, under-
ground storage tanks, waste management areas, buried utilities
and conduits, suspected/confirmed sources),

6.17.15 Site photos, if available,

6.17.16 A ground water elevation map,

6.17.17 Geologic cross-section(s),

6.17.18 Concentration maps for chemical(s) of concern in
the appropriate environmental media,

6.17.19 A section that contains an outcome statement defin-
ing the corrective action goals and completion conditions. and

6.17.20 A swmmary of the technical policy decisions.

APPENDIXES

{MNenmandatory Information)

X1, CONSIDERATIONS FOR DEVELOPMENRNT OF A RBCA PROGRAM

X1.1 Iwtroduction :

X1.1.1 The agencies responsible for developing and imple-
menting a RBCA program and interested stakeholders are the
focus of this appendix. Agencies empowered to enforce
statutes, promulgate and enforce regulations and implement
policy guidance governing cleanup must make key decisions in
order to blend the existing program with the risk-based
approach. Such decisions are typically made, either formally or
informally, with the involvement of stakcholders. In this
context a risk-based corrective action (RBCA) program pro-
vides regulatory agencies, the regulated commmumnity, and the
stakeholders with clear, practical guidelines for assessment and
control of risks posed to human health and the environment by
chemical releases. The RBCA framework provides an oppot-
tanity and a focus for agencies working toward the develop-
ment of a unified and consistent set of policies and procedures
for risk-based corrective actions. While no single procedure is
mandatory, a clear understanding of the RBCA planning
process for both regulatory agency personnel and the regulated
community can streamline the site review process by the
regulatory agency and expedite implementation of appropriate
corrective action. Toward this end. development of a RBCA
regulatory program involves considerable discussion by the
regulatory authority and other concerned stakeholders regard-
ing legal and regulatory issues, technical policy decisions, and
program documentation and communication.

X1.1.2 This appendix is intended to serve as an outline of
suggestions to assist in the development process and identify
relevant information resources. Although in some cases spe-
cific examples are discussed in this appendix for case of
understanding, there is no intention to advocate specific posi-
tions regarding regulatory policies. Instead, a list of key actions
and issues to be considered by the RBCA development team
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are provided. An effective development team includes all major
stakeholder groups. In some programs there are statutory or
regulatory authorities that require interested parties to be
brought together before rules regarding clean-up programs arg
promulgated. There may be requircments to appoint and
convene a multidisciplinary advisory board to provide advice
before rules are promulgated. The composition of such advi-
sory boards may be detailed in regulation or a matter of policy
it a particular jurisdiction.

X1.2 Overview of RBCA Development Process:

X1.2.1 The RBCA program development process involves
the following principal steps:

X1.2.1.1 Selecting the Fromework—Deciding to use the
RBCA framework,

X1.2.1.2 Administrative Acvions—Coordination with con-
cerned stakeholders and evaluation and/or revision of existing
faws and regulations. A key element is the Stakeholders’
Meeting.

X1.2.1.3 Technical Policy Decisions—Specification of tech-
nical criteria required for calculation of risk-based corrective
action goals, performance standards for modeling, exposure
pathway analysis and data collection.

X1.2.1.4 Program Documentarion—Development of writ-
ten guidance and other tools to assist the agency and the user.
(for example. standardized report forms and software tools for
application of the RBCA process.)

X1.2.1.5 Specialized Program Elements—The development
team may wish to consider specialized mechanisms for volun-
tary cleanup programs (VCPs), such as completion letters, no
further action statements or liability covenants. Many state
programs, for crample, have specific or general statutory
provision goverping the issuance of liability covenants.
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X1.2.1.6 Education/Outreach—Training or communication
or both with regulatory staff, the regulated community, eavi-
ronmental  consultants  and  contractors, stakeholder
organizations, and the general stakeholders.

X1.2.1.7 Stakeholder Involvemeni—The development team
may consider use of standard policies and techniques for
communication with stakeholders on a site-by-site basis and/or
for program development and implementation.

X1.2.2 In general, these development tasks may be under-
taken in a sequential manncr, However, some degree of overlap
or iteration may be required to ¢stablish a workable and
efficient risk-hased program for assessment, remediation, and
closure of affected sites. Detailed discussion of each program
development step is provided below.

X1.3 Selecting the Framework—The threshold decision for
a regulatory agency is whether to develop or modify an
existing cleanup program around the RBCA framework, This
decision may require some underlying assumptions to be
modified in fundamental ways. Many traditional cleanup pro-
grams require the collection of large amounts of information
and a complete and detailed profile of the site, before an
evaluation of the risks, risk reduction measures or the remedy
selection process is ever initiated. In contrast, the basic
principle of RBCA 1s to allow the user to gather just enough
information to make a risk-based decision at the lowest tier of
analysis. This facilitates timely decisions, based on risk, most
cfficiently, and with the least amount of information possible.
At lower tiers, uncertaiaty 18 compensated by more congerva-
tive assumptions. In other words, at lower tiers, a complete
detatled profile of the site is not needed because the agency
builds in a reasonable worst-case set of assumptions in the
corrective action goals, as appropriate. At higher tiers, uncer-
tainty is reduced through collection and analysis of more
site-specific information. The agency responsible for decision
making should consider the level of understanding and accep-
tance of this underlying philosophy by the people who must
implement it, prior to embarking on program development
using RBCA.

X1.4 Administrative Aciions:

X1.4.1 This guide provides a risk management framework
that can be customized to address the concerns of local
stakcholders and integrated with the legal and regulatory
framework, For this reason, it is important to involve key
stakeholders (defined below) early in the program development
process. In addition, the development team (defined below)
may review existing laws and regulations to identify possible
roadblocks to RBCA implementation and any statutory or
regulatory actions that may be required. While specific provi-
sions for stakeholder involvement are beyond the scope of this
guide, it is recommended that stakeholder involvement and
outreach activities be integrated into the RBCA development
process. Stakeholder involvement activities may or may not be
appropriate at every site in a RBCA program. Key consider-
ations are outlined below.

X1.4.2 Advisory Commirtee Acts and Stakeholders
Meetings—Many state and federal programs develop
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regulations, policies and guidelines with specific consensus
building requirements and formal or informal requirements for
representation by balanced stakeholder groups. It is extremely
important for the program development process to consider the
use of such representation to reach consensus on some of the
widely debated issues which could impact the application and
implementation of the RBCA process. During the development
process, Stakeholders Meetings among the following potential
participants may be critical: the regulatory agency and other
users; industry; real estate interests; financing interests; local
governments and redevelopment authorities; citizen groups and
environmental groups. The purpose of such meetings is to
reach consensus on a common approach for the critical
technical policy decisions discussed below, especially in the
arca of risk management.

X1.4.3 Development Team—To assist in producing an effi-
cient and workable RBCA program, an effective development
teamn can serve a key role. The team may include representa-
tives from the principal regulatory agency, the regulated
community, eavironmental groups, citizens and other parties
likely to be affected by a new or revised regulatory program,
Other such stakeholders may iaclude, but are not Limited to:
focal government; representatives from the real estate, banking.
or insurance industries; environmental professional or techni-
cal organizations; citizens’ groups; and c¢ovironmental and
public health advocates. Consideration of these diverse per-
spectives can greatly facilitate the ultimate success of the
RBCA program. Stakeholders may be involved either as a
working group (that is, the development team) or as an
oversight or advisory committee. In most cases, to provide for
meaningful discussion and input, preliminary training or ori-
entation of stakeholder representatives regarding RBCA con-
cepts and key policy issues will be required.

review existing environmental laws and identify how the
RBCA program should be crafted to comport with ¢xisting
statutes and to identify possible constraints on RBCA wmple-
mentation. Examples include state drinking water quality
criteria, non-degradation standards and policies, welthead pro-
tection programs, legally mandated soil and ground water
remediation standards, or full site delincation requirements. A
distinction should be made to differentiate between ground
water restoration standards and those for ground water
protection, since they may have different purposes. The devel-
opment team may cvaluate existing laws to customize the
risk-based approach, recommend statutory modification to
facilitate RBCA, or a combination of both. Key elements in the
statutory review include consideration of natural resource
protection and conscrvaton requirements. Many programs
have, for example, explicit ground water protection and future
use statutes.

X1.4.5 Regulatory Action—In some cases, curtent regula-
tions mandate uniform concentration limits for soil and ground
water affected by a chemical release (for example, background
fevels, practical quantitation limits, or other maximum allow-
able limits), regardiess of location, land use, or exposure
scenario, In some cases this situation may require careful
crafting of the RBCA framework to accommodate current
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regulations. In other cases incorporation of risk-based corree-
tive action goals may require redrafting portions of the existing
rules. Ag a practical matter, many programs have employed
some combination of regulatory accommodation and modifi-
cation. The outcome of any debate to replace or modify
existing programs depends on active, successful of stakeholder
involvement activities. In addition, depending on the scope of
the existing regulations, accommodations or modifications may
also be required to those sections addressing: site assessment
requirgments; response action evaluation procedures; remedia-
tion options; requirernents for treatment; permanent solutions;
use of activity and use Hmitations; use of natural attenuation:
point of compliance; and compliance monitoring specifica-
tions. The regulations may consist of language defining key
policy elements of the RBCA program and authorizing agency
promulgation of derailed written guoidance. In some
jurisdictions, detailed procedural guidelines will need to be
incorporated in the rules due to legal constraints on the use of
guidance documents.

X1.4.6 Policy and Guidance Development—As an alterna-
tive to stamtory or regulatory mandates, agencies may elect to
implement the RBCA program in the form of policy guidelines
and/or technical guidance materials. As noted below, clearly
documented policies and administrative procedures are critical
to proper understanding and implementation of a RBCA
program by the regulated comrmunity. Having technical deci-
sions promulgated through policy and/or guidance enhances
the flexibility of the program, allowing for routine updates as
the leading edge of environmental science evolves. Many
states, for ¢xample, rely on policy and guidance for certain
aspects of the cleanup program,

X1.5 Technical Policy Decisions:

X1.5.1 Reaching Consensus—Virtually all cleasup pro-
grams demonstrate differences of opinion among stakeholders
on some of the key policy issues which confront remedy
selection and the development of a RBCA program. There is a
natural tension which exists, for example, between groups
which believe allowable risk-levels should be set conserva-
tively and those which would recommend more relaxed stan-
dards. The use of activity and use limitations, the requirement
for treatiment and point(s) of compliance are other controversial
issues which will inevitably confront the regulatory agency
responsible for such policy decisions. An important principle to
use in this part of the development process is to engage in the
debate, through adequate stakeholder involvement, and to
achieve as much consensus as possible among differing views.
Technical policy decisions can then be incorporated into the
RBCA framework. Although the agency must clearly and
decisively excrcise its regulatory responsibility and make the
key decisions needed to implement the cleanup program the
cxperience from many programs has shown that continued
stakeholder involvement in the regulatory process has been
very beneficial.

X1.52 Risk Decisions:

X1.5.2.1 For a release to enter into the RBCA analysis, the
regulatory agency or user should establish criteria to determine
whether or not further evaluation or action 1§ needed for human
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health or ecological concerns. This is a threshold technical
policy decision. Some agencies may establish notification
thresholds, based on reportable quantities or concentrations of
chemical releases. In some programs, if no exposure pathway
is complete no further risk analysis is required. In this manner,
regulations or policy show whether or not the application of
RBCA is needed.

X1.5.2.2 The regulatory agency has the prerogative to make
key policy decisions during program development. The RBCA
program development team should consider detailed guidance
on a comprehensive range of policy issues such as the
calculation and application of risk-based corrective action
goals. A summary list of the key issues to be addressed is
provided in Table X1.1. These policy decisions serve to flesh
out the ASTM RBCA framework, providing a consistent basis
for determining whether remediation is necessary and, if so,
“how clean is clean” for a wide varicty of site conditions. To
design the RBCA program, the development team may attempt
to build consensus in the following areas: cumulative risks and
additive effects; the conservatism applied to risk calculations;
minimum data requirements for site assessment and closure;
variables affecting the selection of target risk levels and
exposure factors; and the applicability of ASTM, state, or
Environmental Protection Agency (EPA) calculation protocols
{see Table X1.1).

X1.5.2.3 Cumulative Risk and Additive Effects—The re-
sponsible regulatory agency should consider how to handle
additive effects or cumulative risk. Some agencies may create
Tier 1 RBSL with sufficiently conservative assumptions to
account for cumulative risks and additive effects and therefore
establish screening levels within an allowable risk range. Other

TABLE X1.1 Example Technical Policy Decisions 1o be made by
the Regulatory Agency

How to Reach Consensus

Risk Decisions
How to Deal with Cumulative Risk and Additive Effects
Appropriaie Sources of Toxicity Information
Use of a Risk Range

Other Relevant Measurable Critaria
How to Record Consensus Decisions
Site Assessment

Ecological Risk Assessment

Land Use
Future Uses and Exposure Pathway Analysis
How to Use Activity and Use Limitations
When to Use Activity and Use Limitations
Resource Protection

Remedy Selection Criteria
Balancing the criteria
Treatment Versus Activity and Use Limitations
Remedial Action Effectivenass
Long-term Reliability
Short-term risks
Property Redevelopment Plans
Acceptability to Stakeholders
Implementability
Cost-effectiveness
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agencies may require Tier 1 oscreening to use conservative
single endpoint screening values and not a range. For example,
in Massachusetts, screening numbers (the equivalent of RB-
SLS) are set at a single number based on a 1¥10°® cancer risk
endpoint or 20 % of the non-cancer Reference Dose, which
ever ig lower, The rationale here is that the screening numbers
using the conservative risk endpoints for a single number will
be protective for almost all sites. For higher Tier analysis the
total site risk must not exceed a 1¥10™ cancer risk endpoint or
a non-cancer Hazard Index of 1.0 .(Massachusetts Contingency
Plan, 1997, 310CMR 40.0983). For some chemicals, non-
cancer effects may be considered for RBSL because they may
have an additive effect on the same target organ. EPA guidance
recommends that the potential for additive effects must be
carefully evaluated at every site by considering the Hazard
Index for chemicals with References Doses or Concentrations
are hased on the same endpoint of toxicity such as a target
organ or system. For example, EPA Soil Screening guidance
recognizes at least eleven chemicals, including several
pesticides, whose non-carcinogenic effects may be specific to
the human liver (Bef (2}, pp. 9-15)

X1.52.4 States may also develop their own sources of
information on chemical toxicity, Among other things, the
regulatory agency must decide on the level of scientific
research, reliability and uncertainty which is appropriate in a
particular program for a particular use. This is especially true
for toxicity information. Regulatory agencies may also wish to
evaluate the applicability of occupational. ambient exposure
values for workers at operating industrial sites within their
RBCA program. In addition to chemical toxicity, an agency
developing a RBCA program may wish to consider alternative
data sources and methods to address exposure and hioavail-
ability. The alternative data sources and methods consulted and
used should be reasonably accessible and clearly communi-
cated to the user.

X1.52.5 The Risk Range—Many programs allow the flex-
ihility of decision making within an acceptable risk range. For
example, the Federal Superfund Program has established an
acceptable range for lifetime excess cancer risks of 107 to
1677 Corrective action goals are based on achieving similar
levels of protection for human health that are within the
acceptable range of risks and the protection of environmental
receptors as determined by the implementing agency. Thus the
Ievels of protection may vary from site to site as well as across
the tiers at the same site as long as it will result in achieving
Ievels of protection within the defined acceptable range of
rigks. In some programs, however, a single number for total site
rigk has been selected by the regulatory agency or set by statute
for all sites and tiers of analysis. While such programs lack the
flexibility of a risk range, some stakeholders feel this approach
affords a level of fairmess and cleanup consistency.

X1.5.2.6 The regulatory agency may also consider develop-
ment of Other Relevant Measurable Criteria in the program

S EPA uses a 107 level as a point of departure for preliminary remediation goals
for cancer risks. While the 107 starting point expresses FPA's preference for setting
clean up levels at the more protective end of the risk range, these levels may be
revised within the acceptable risk range based on consideration of appropriate
factors, inclading exposure factors, uncertainty factors and technical factors.
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which are not directly related to human health or ecological
risks. In planning risk based programs, noise, odors, taste and
visual appearance may be important considerations in evaluat-
ing chemical releases.

X1.5.3 Upon completion of the planning session(s), the
consensus decisions of the development team may be recorded
in a variety of ways. Development of a RBCA program should
avoid arbitrary decisions, which are isolated from stakeholder
involvement. Based on this process and sufficient training, a
knowledgeable person should be able to complete a RBCA
evaluation in accordance with the cstablished program. Spe-
cialized documentation may be required for RBCA implemen-
tation to reach site completion as outlined below.

X1.5.4 Site Assessment:

X1.5.4.1 Inirial Site Assessmenit—The purpose of the initial
site assessment is to form the first conceptual model of a
release at a site based on rudimentary information. This model
may change over time, as more information becomes available.
For simple releases at sites incomplete pathways may climinate
the need for any further evaluation. Some regulatory agencies,
for example, detine threshold quantities or concentrations of a
chemical release as exclusion from or entry to a further RBCA
analysis,

X1.54.2 One of the key technical decision frameworks in a
risk based corrective action program is the type and degree of
assessment necded to provide the level of information neces-
sary to make cleanup decisions. The identification of chemicals
of concern in the soil, ground water and other media in
refationship to exposure pathways must be sufficient to support
the decision being made, while minimizing the amount of data
collected which is of limited use. The objective is to optimize
the site assessment using the “just-in-time” process of least
information for lower tiers. While site assessments for the
RBCA process attempt to determine all significant sources of
chemical releases, performance standards to define the extent
of the release may differ, according to the requirements
developed by the regulatory agency. For example, some
agencies require definition of the full horizontal and vertical
extent of all releases to below the most conservative risk-based
screening values. Other agencies outline how to define data
quality objectives and then use those to determine the extent of
site asscssment. Still others may select conservative assamp-
tions in lower RBCA Tiers as a substitute for the definition of
all levels of chemical releases.

X1.5.4.3 There is a wealth of information from both gov-
ernment and industry on appropriate levels and techniques for
assessment. These include Guide E1912 Guide for Accelerated
Site Characterization for Confirmed or Suspected Petroleum
Releases and Guide E1527, as well as numerous EPA guidance
documents, including Ref (1). In building a program, the
development team should consider appropriate guidance for
site assessment.

X1.5.5 Ecological Risk Assessment—The development tcam
should consider carefully the issues that will arise during the
development of a tiered framework for ecological risk assess-
ment. This inchudes any boundary parameters, which may be
sefected during the qualitative ecological exposure assessment

Charles Menzie (Exponent) pursuant to License Agreement. No forther reproductions authorized.

ED_006308_00000315-00021



described in Appendix X35, For example, some regulatory
agencies may decide that size or distance thresholds such as
acreage or distance from resources may be uscful screening
tools for ecological assessment to determine if further, detailed
assessment of the ecosystem is or is not required. Other
regulatory agencies, on the other hand, may decide that this
approach is too limited and that exchusion of some habitats and
selection of receptors is too subjective to be useful. Ecological
boundary parameters may depend on both regulatory and
policy issues that apply to the geographic area to be covered by
the standards being developed under the RBCA framework.
Ecological screening criteria may include chemical
concentrations, biological measures or other relevant generic
criteria. The regulatory agency should exercise great care in
sclecting the appropriate decision points for ecological screen-
ing and assessment, especially in the selection of relevant
ecological receptors and habitats. Appendix XS contains a
suggested qualitative ecological exposure assessment and de-
scribes the conceptual tiered framework for ecological nsk
assessment.

X1.5.6 Land and Resource Use:

X1.5.6.1 Current and rcasonably anticipated future uses of
tand and water, inchuding ecological considerations, are impor-
tant in the RBCA process. This is hecause the exposure
scenarios for human health and relevant ¢cological receptors
depend on the population potentially exposed and the fre-
quency and intensity of exposure to the media where chemicals
have been released. Exposure pathway analysis may also be
known as the conceptual site model.

X1.5.6.2 For a number of reasons, the restriction of future
activities, access, or land use through various activity and use
limitations may or may not be acceptable to the implementing
agency as part of a cleanup remedy. As with other technical and
policy issues, this decision requires consideration by stake-
holder groups for a particular program in order to decide how
effective such controls may be in reducing risks. For some
programs, for ¢xample, the financial and other assurances
required of an operating industrial facility may be torally
acceptable to the regulatory agency to ensure ¢xposure path-
ways which are Himited to futare industrial use. On the other
hand, in a mixed-use urban area, a regulatory agency may
decide that no particular activity and use limitation is accept-
able to eliminate a potential residential exposure pathway.

X1.5.6.3 1In the United States, the current and future allow-
able or planned uses of real property and other resources, such
as water, are controlled by a complex combination of
municipal, county, state and federal rules and processes. Each
focal jurisdiction may have unique land use controls. For this
reason, the development team should consider decisions care-
fully on how and whea to use restrictions on access, land use
and human activities as part of available corrective actions for
the site. While program developers should exercise care in
using zoning regulations to rule out exposure pathways for
on-site chemical releases, specifically targeted activity and use
fimitations may be effective tools in cutting off or preventing
the completion of potential cxposure pathways to chemical
releases. Various types of activity and use limitations are
described in Appendix X6.
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X1.5.77 Ground Water Restorarion and Protection:
3

X1.5.7.1 Restwrarion—The RBCA program development
tearn should address critical issues regarding ground water
restoration, Decisions on how to address ground water resto-
ration are manifested in the RBCA program in determining the
applicability of various ground water exposure pathways, point
of demonstration requirements {(where does the standard have
to be met). and remedial objectives (restoration versus expo-
sure prevention) for ground water. Existing state statutes,
regulations. or policies must be accommodated during RBCA
program development, but sufficient discretion may be af-
forded in deciding how the requirements apply in terms of
degree and time to the various ground water resources. The
USEPA policies that promote restoration of ground water for
maximum beneficial use also recognize that all ground waters
do not represent the same maximum beneficial use and
thercfore may not warrant an cgquivalent fevel of restoration.
Because ground water restoration issues are sensitive and
controversial, a wide stakcholder ropresentation in the
decision-making process may enhance the acceptance of deci-
sions made by the RBCA development team. The National
Contingency Plan, and Regional EPA Guidance such as the
1996 EPA Region 1 Ground water Use and Value Determina-
tion Guidance provide important and applicable concepts,
principles, and criteria regarding ground water restoration.

X1.5.7.2 Protecrion—In order to address issues of non-
degradation, and protection of ground water, many states have
developed ground water classification systems which define
beneficial and non-beneficial use ground waters. The classifi-
cation systems may have been developed separately from
restoration issues. They typically consider such factors as
ground water quality and quantity, proximity to public and
private ground water users. nature of the ground water use,
presence of alternate or superior water supphes, susceptibility
to impacts by releases of chemicals of concern, and location.
Some state ground water classification systems which have
been established through the USEPA’s Comprehensive State
Ground Water Protection Program (CSGWPP) may set ground
water classifications at a state or regional scale, while other
classification systemns which are not established through a
CSGWPP arc applied as a set of criteria at individual release
sites. Ground water classification systems provide a convenient
context in which to establish policics regarding ground water
for RBCA program development. Once a ground water classi-
fication system is ¢stablished, the RBCA development team
can make decisions about how the ground water protection
scheme relates to restoration issues such as ground water
exposure pathways, points of demonstration, and remedial
objectives for the various ground water classes. Sousrces of
information on ground water protection include 1986 draft
Federal Ground Water Classification Guidelines and the 1992
EPA Final Comprchensive State Ground Water Protection
Program Guidance,

X1.5.7.3 Example Approaches:

(1) The Massachusetts Department of Eavironmental Pro-
tection’s (DEP) Massachusetts Contingency Plan establishes
three classes of ground water, which factors in different risk
considerations. GW-1 class ground waters are current and
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potential drinking water sources. GW-2 class ground waters are
shallow ground waters where vapor migration pathways may
be of concern. Both class GW-1 and GW-3 ground waters can
also be class GW-2 ground waters. GW-3 class ground waters
are non-drinking water ground waters where protection of
surface waters from ground water discharges is of concern.
Massachusetts DEP also has an EPA-endorsed CSGWPP and a
Ground Water Use and Value Memorandum of Agreement
(MOA) with the US EPA designed o enhance consistency in
eround water classification between Massachusetts DEP and
EPA Region 1. The MOA 1s applicable to National Priority List
sites and is structured in terms of high and medium use and
value ground waters which is generally represented by GW-1,
and low use and value ground waters (GW-3).

{2) The Pennsylvania Department of Environmental Pro-
tection Land Recycling Program sets a ground water classifi-
cation system in terms of Used and Noo-Use Aguifers. The
point of compliance is established at the property boundary that
existed at the time impacts were discovered, but the standard to
be met at the point of compliance varies depending on the
aquifer classification, properties of the chemical, and other
site-specific considerations. Flexibility is provided to docu-
ment lack of current and planned use of ground water within
304.8 m of the property boundary and within the impacted arca
in order to provide some consideration of special consider-
ations in urbanized arcas.

(3} The Ohio Environmental Protection Agency Voluntary
Action Program sets an elaborate ground water classification
systern defined in terms of Critical Resowrce Ground Water/
Non-Urban Setting, Critical Resource Ground Water/Urban
Setting, Class A Ground Water/Non-Urban Setting, Class A
Ground Water/Urban Setting, and Class B Ground Water. For
each ground water class, different performance-based ground
water response objectives are cstablished for on-site and
off-site ground water exposure pathways depending on if the
source area is on-site, off-site, or both on-site and off-site.

(4) The Texas Natural Resource Conservation Commis-
sion’s proposed Texas Risk Reduction Program would set a
eround water classification system defined in terms of primary
ground water resources (Class 1), other current and potential
use ground waters (Class 2}, and no potential use ground
waters (Class 3). Class | ground water resources must be fully
restored to drinking water standards, while exposure preven-
tion strategies may be established for Class 2 and 3 ground
waters.

{5) The Lowsiana Department of Environmental Quality’s
proposed Risk Evaluation/Corrective Action Program also sets
three classes of ground water. Class 1 ground waters must be
fully restored to drinking water standards, whereas drinking
water criteria may be applied at the property line or closest
reasonable off-site point of exposure for Class 2 ground water,
Class 3 ground water requirements are based on the protection
of any surface waters receiving discharge from the impacted
ground water, Each of these example ground water classifica-
tion systems have a comimon recognition that all ground water
resources do not represent the same beneficial use, and
accordingly provide the context for RBCA program develop-
ment in the state.
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X1.574 Non-Attainment Zones—Some states have devel-
oped ground water protection programs that inchade the des-
ignpation of areas of ground water t© be “non-attainment”
zones. These zones could be located in urbanized areas where
there are multiple impacts to ground water from releases of
chemicals of concern. For example, Hlinois recognizes ordi-
nances established by units of local government that effectively
prohibit the installation and use of potable supply wells as an
effective activity and use himitation for the elimination of the
ground water ingestion exposure pathway. When the ordinance
does not apply to the local unit of government, then the local
unit of government must enter into a Memorandum of Under-
standing with the state and maintain a registry of release sites
within the ordinance area. Provisions are also set forth regard-
ing notification of affected landowners, criteria for voidance of
the ordinance, deed recordation, presence of existing potable
wells, and ground water response objectives. Such non-
attainment provisions recognize situations where units of local
government may not place a high value on ground water
respurces within urbanized areas due (o economic
considerations, or due to the existence of regional historical
ground water impacts that render the ground water unfit for
use. The non-attainment zones may be re-gvaluated as reme-
diation by natural attenuation and individual user response
actions improve the regional ground water conditions. These
zones also provide a convenient context in which to establish
policies regarding ground water restoration and protection for
RBCA program development. Further, non-attainment zoses
may be of particular benefit in Brownfields redevelopment
areas where ground water ingestion 1s not an otherwise relevant
exposure pathway.

X1.5.8 Natural Resource Values:

X1.5.8.1 Many natural resources may have intrinsic value to
the public, regardless of actual current or planned future use of
the resource. For example, while the ground water underneath
a National Park may not have an actual use, its value in pristing
condition may outweigh considerations of actual use. Such
farge public policy issues may play a role in technical policy
decisions for actions under a RBCA program, even though they
are not related to risk, per se.

X1.5.9 Remedy Selection Criteria—Programs developing
remedy selection should consider a wide array of factors such
as treatment types, permanence versus institutional based
remedies as well as the use of innovative technologies. Both
risk reduction and long term risk management activities should
consider remedy effectiveness against cost. Given limited
resources for either publicly or privately funded corrective
actions, the program development team may consider various
schemes to balance selected risk criteria against the cost of
corrective actions. Cost and cffectiveness as balancing ¢riteria
are common elements of risk-based decision-making programs
for corrective action. During the initial development of the
program, in balancing these factors, the user should consider
that no single factor will predominate over the others. As with
other difficult risk management issues, such factors will require
a careful balancing act among differing stakeholder opinions
and focused decision-making on the part of the regulatory
agency. In the end, however, it is the responsibility of the
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regulatory agency to determine how hest to balance the criteria
for a particular program.

X1.59.1 Treatment versus Activity and Use Limitations—
While it is beyond the scope of this guide to suggest specific
preferences for treatment or for activity and use humitations,
these are issues which are critical to this technical policy
decision which a regulatory agency must make. For example,
the speed, frequency and short term cost-effectiveness of risk
reduction through cutting off exposure pathways is generally of
great interest to a regulatory program. These are benefits of
using activity and use lumitations. Also of interest to the
regulatory agency are issues such as: returning poteatially
useable ground water to beneficial use, increasing land values.
and lowering long term operation, maintenance and monitoring
costs. These are some of the benefits of treatment and the
reduction of toxicity, mobility, and volume of chemical re-
leases. Categories of remedy selection criteria include:

X1.5.9.2 Effectiveness of the remedial action in protecting
human health and the environment;

X1.5.93 Long-term reliability and probable success in
meeting the corrective action goals;

X1.5.94 Short-term risks posed by the unplementation of
the remedial action;

X1.59.5 Amenability of the remedial action to integration
with property redevelopment plans;

X1.5.9.6 Acceptability of the remedial action to the stake-
holders;

X1.59.7 Implementability and technical practicability of
the remedial action; and

X1.5.9.8 The cost-cffectiveness of the options to meet the
corrective action goals,

X1.6 RBCA Program Documenration:

X1.6.1 In order to ensure uniform application of the RBCA
program, agencies should consider providing guidance docu-
ments and standardized tools for the regulated community and
stakeholders. This documentation may consist of guidance
manuals, standardized repost forms and software tools. Such
documentation may include the following:

X1.6.2 RBCA Process Overview—A RBCA guidance
manual should outline the RBCA process and provide detailed
step-by-step instructions for implementation of the program.
The manual may inctude flowcharts outlining the program and
a description of potential exposure pathways and transport
mechamsms, inchuding any assumptions regarding land use
patterns, activity and use Hmutations, and remedy sclection
criteria.

X1.6.3 Response Acition Evaluation—As the user gathers
data, site conditions should be evaluated and a response action
should be implemented, consistent with site conditions. This
process may be repeated as additional data affords a more
detailed characterization of the site. Some programs place sites
in risk redoction categories, and when actions are performed,
the category automatically changes to a less urgent status. In
these programs the user selects a category and action which
best addresses the short-term health (human and ecological)
and safety concerns of the site while implementing the RBCA
process. While some programs also have risk reduction cat-
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¢gories to gencrate fees or for other statutory purposes, other
programs avoid long term categorization schemes to avoid
attaching a stigma to a property which could affect later
transactions. As with many program development elements, the
regulatory agency must resolve such issues, following the
stakeholder involvement process.

X1.6.4 Tier 1 Evaluarion Guidance—Tier 1 guidance may
include the algorithms used to develop look-up tables, as well
as an example look-up table or tables and detailed instructions
on how to use the look-up tables. The RBCA framework refers
to such look-up tables as Risk-Based Screening Levels or
RBSL. Table X1.1 gives a suggested outline for the technical
policy decisions that define the look-up table. These decisions
can be made by all stakeholders and documented by the
development team. The developrent team may decide to avoid
creating RBSL and other look-up tables as “bright-Hine,”
stand-alone targets for clean up.

X1.6.5 Tier 2 Evaluation Guidance—Tier 2 guidance may
include detailed instructions on selection of appropriate mod-
eling procedures, target risks, exposure scenarios, and policies
regarding off-site migration of chemicals of concern, perfor-
mance and compliance monitoring. The guidance may also
include the criteria for evaluating Tier 2 results, conditions for
tier upgrade, criteria and location of the point of compliance.
corrective action alternatives, and closure options.

X1.6.6 Tier 3 Evaluation Guidance—The guidance for Tier
3 may simply define the tier and explain its use. In order to
remain flexible, specific procedures may not be recommended,
however, it may be desirable for some limits to be placed on
performance standards acceptable to the agency. Evaluations at
the Tier 3 level may include alternative risk and exposure
assessment protocols. As with the other tiers, Tier 3 guidance
may also include criteria for evaluating Tier 3 results. and
explain what alterpatives exist for sites to meet Tier 3 criteria,
such as corrective action, monitoring programs, varance
procedures, more complex fate and transport modeling and
engineering controls.

X1.6.7 Administrative Procedures—Admimstrative proce-
dures for the RBCA application submittal and review process
should be clearly outhned. To the degree feasible, separate
steps of the RBCA planning program (for example, site
assessment, response action evaluation, and Tier 1 evaluation)
may be consolidated into single submittals to minimize the
number of separate reviews requested by agency personnel for
each site. As the user proceeds to higher Tiers of the RBCA
process, the knowledge gained about the site is used to tailor
the degree of investigation needed. Approval to move from one
tier to the next may not be necessary. In some cases, after
completion of the Tier | evaluation, the program may direct the
user to proceed directly to a Tier 3 evaluation. The results of all
completed tiers of analysis will typically be submitted to the
oversecing agency for final documentation. Upon receipt,
submittals may be checked for completeness. This may be
facilitated with an administrative checklist prior to in-depth
evaluation. Standard site completion letters {sce X1.6) issued
to volunteers may also be reviewed to ensure consistency with
the RBCA program. Depending on the tier and the complexity
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of a site, an agency may phase its wnvolvement (that 1s, for
some programs, fittle oversight may be necessary for a Tier |
evaluation, while a Tier 3 evaluation may require significant
input from the agency).

X1.6.8 Srandardized Report Forms—>3Standardized report
forms can be very helpful in the RBCA process, aiding in the
collection of site data and in both the preparation and review of
site reports. Properly designed standardized report forms may
guide the user in the collection of the appropriate type and
amount of data. These forms can be of the “fill-in-the-blank” or
“cross reference” vanety, or both, for Tiers 1 and 2, and may
outlinge general procedures to be used in Tier 3.

X1.69 Tier {/Tier 2 Software Tools—A helpful element in a
successful RBCA program may be computer software that
assists both the regulatory agency and the regulated community
in understanding and performing the multitude of necessary
calculations. With the increasing use and power of personal
desktop computers and the availability of comumon spreadsheet
programs, user-friendly software tools can be developed for
use by technical staff with minimal training in computer
applications. These tools can be customized to include specific
exposure pathways and algonthms, and can be programmed to
report results in a standardized format, suitable for inclusion
into sife assessment reports.

X1.7 Specialized Program Elements:

X1.7.1 Imtroduction—This section of the appendix provides
a review of program elements currently being used by regula-
tory agencies including those with licensed or certified private
contractors. The items described include those used in state
voluntary cleanup programs (VCPs) and a variety of other
programs to provide site closure or completion, as well as
comparable assurances available from the Federal government.
The term conmpletion letrers includes letters and other types of
documents, including covenants, certificates and agreements,
being used to provide interested partics with assurances that a
voluntary corrective action has adequately identificd the
chemicals of concern from releases into the environment, has
adequately identified exposure pathways and any unacceptable
risks posed by those chemicals of concern to human health or
the environment, and has achieved an appropriate target level,
This section of the appendix gives examples of the types of
completion documents currently being used by various states
or the Federal government,or both, and describes some of the
advantages and disadvantages of each type of completion
method.

X1.7.2 Program elements vary in form and content. Some
consist of completion letters and are very formal, while others
are very informal. The interested party must petition for or
request a completion letter in some states, whereas in other
states the completion document is granted automatically upon
the completion of certain activities.

X1.7.3 For further information about a particular state’s
program, contact the Association of State and Territorial Solid
Waste Management Officials (ASTSWMO) or the Regional
office of the Environmental Protection Agency (EPA).

X1.74 Example Program Elcments.
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X1.7.4.1 Applicarion Process—Many states require an ap-
plication for interested parties to participate in the VCPs. Some
states require the volunteer to sign a formal agreement, such as
a consent agreement,

X1.7.4.2 Submission of Reports—Some states requirg sub-
mission of reports once remediation has been completed.

X1.7.4.3 Srate-Certified or Licensed Contractors—Some
states require the use of state-certified professionals, or
laboratories, or both to conduct a cleanup.

X1.7.4.4 Environmental Professional—Some states require
submission of a statement, opinion or certification from a
gualified environmental professional that the voluntary cleanup
plan has been fully implemented or completed and that the
remediation meets applicable standards.

Some states require a memorandunyletter of agreement or
consent order before the volunteer can participate in the VCP

X1.7.4.6 Prior Approval—Some states reguire prior ap-
proval of work plans, or reports, or both.

X1.7.4.7 Reopeners—Many states have explicit reopener
provisions in their completion letters for changed conditions.
new information, or fallure to comply with the voluntary
cleamup plan.

X1.7.4.8 Consideration of Future Land Use—Many states
take future land use into consideration in making risk-based
decisions and have developed (by policy or statute) activity and
use limitations to address future land use changes.

X1.7.4.9 Reimbursement of State Oversight Cosis—Many
states require reimbursement of their oversight or laboratory or
other costs.

X1.7.5 Examples of Completion Documents—The tvpes of
completion documents currently being used by the states
include, but are not necessarily limited to, the following:
statements or certificates of completion; no further action
opinions/letters; no action letters; private Contractor statements
of completion: off-site source determination letters; covenants
not to sue; releases; coatribution protection: no association
determination letters; and prospective purchaser agreements.
The terminology for a specific type of completion letter in one
state may not mean the same thing in another state, and the
descriptions given below are very general in nature,

X1.7.5.1 Sratemenis or Certificates of Completion of Re-
sponse Action—In some states, Statements or Certificates of
Completion of Response Action are relatively straight-forward
to obtain from regulatory agencies. They provide some cer-
tainty that the regulatory agency is satisfied that no further
corrective action 15 reguired at the site. Legally, however, they
generally are not as binding as other types of completion
letters, such as covenants not to sue. Accordingly, in these
states, Certificates of Completion may be viewed by some
nterested parties as pot providing sufficient comfort against
further lighility. However, in other states, a Statement or
Certificate of Completion 15 a complete release of state
superfund Hakility and runs with the land; as such, it provides
Biability assurances to successors and assigns as well A
Statement or Certificate of Completion in these states 1s likely
t0 be viewed quite favorably by interested parties, but it may be
moere time-consuming to obtain, Some state programs tie the
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certificate of completion to specific ¢xposure pathway
assamptions, such as land use.

X1.7.52 No Further Acrion Opinions/Letters/Assurance
Lerters—As a general rule, no further action opinions or letters
are relatively straight-forward to obtain from regulatory agen-
cies. They provide some certainty that the regulatory agency is
satisfied that no further corrective action is required at the site.
EPA, for example, has developed generic ways to encourage
redevelopment including a designation of No Further Remedial
Action Planned for sites hsted in the CERCLIS inventory. No
Further Action Opinions or Letters generally do not constitute
a release from further Hability at the site. Legally, therefore,
they do not provide the same level of comfort as, for example,
a covenant not to sue. Accordingly, No Further Action Opin-
ions or Letters may be viewed by some interested parties as not
providing sufficient comfort against further Hability.

X1.7.5.3 No Further Action Opinions or Letters can also be
written as Limited No Further Action Opinions or Letters.
Fimited No Further Action Opinions or Letters pertain to only
a portion of the property or to only some of the known releases
at a site. For cxample, they might address and document
releases to the soil, but not potential ground water releases.
They are helpful when a discrete issue is slowing down a real
estate transaction because they can generally be obtained fairly
quickly and easily. However, they are limited in nature and do
not provide the same degree of comfort that most other types
of completion letters offer.

X1.7.5.4 No Action Letter—A No Action Letter is essen-
tially & no further action letter, except that it includes additional
language indicating that the state will not take any
enforcement/administrative actions once the regadatory agency
is satisfied with the volanteer’s technical conclusions. A No
Action Letter will often say that the release (site) will not be
referred to the Superfund program and will not be added to
CERCLIS or the state Superfund list,

X1.7.5.5 Private Contractor Statements of Completion or
No Further Action Letters provide an alternative where the
state does not have sufficient resources to review every site
investigation and remediation to determine its adequacy. In the
states with this type of program, the private contractor must be
state-licensed or certified, so there is indirect state oversight
over the process. Private Contractor Statements of
Completion/No Further Action Letters are generally available
more quickly and readily than other types of completion letters.
Legally, however, they are not as binding as other types of
completion letters, such as covenants not to sue. Accordingly,
Private Contractor Statements of Completion/No Further Ac-
tion Letters may be viewed by some interested parties as not
providing sufficient comfort against further Hability.

X1.7.5.6 Of-Site Source Determination Letters—Some
states, as wel as the Federal government, have taken the
position that they will not exercise their enforcement discretion
under certain circumstances where chemnicals of concern origi-
nating off-site in the ground water have affected an “innocent,”
downgradient property. Many of these states issue letters
providing that they will not hold the impacted property hable
for any chemical releases originating off-site. The Federal
govermment’s position is available in the form of gnidance,
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issned May 24, 1995, and entitled “Final Policy Toward
Owners of Property Containing Contaminated Aquifers.” A
state Off-5ite Determination Letter has the same types of
advantages and disadvantages as a No Further Action Opinion
or Letter.

X1.7.5.7 Covenants Not to Sue—Covenants Not to Sue are
legally binding agreements between a state or the Federal
government and an interested party. They provide assurances
that the interested party will not be pursued in the future for
additional remediation work or targeted in an enforcement
action. At the same time, because they are more binding than
most other types of completion letters discussed above, they
are generally more difficult and time-consuming to obtain.
They generally must be negotiated on a case-by-case basis.

X1.7.5.8 Releases—Some states use releases to absolve
volunteers from further responsibility for corrective action.
Releases tend to be a gualitative determination that the
remediation has been successfully completed; they generally
do not absolve the volunteer from joint, strict and scveral
lighility. In this regard, releases have the same types of
advantages and disadvantages as No Further Action Letters.

X1.7.59 Contriburion Protection—A few states are
providing, by statute, contribution protection to partics that
voluntarily remediate a site. This protection i3 generally
embodied in an admimstrative or judicial order or consent
decree or a settlement agreement. Contribution protection
protects the voluateer from contribution actions by other
responsible parties and, in some instances, protection against
citizen suits as well.

X1.7.5.10 No Association Determination Lefters—No Asso-
ciation Determination Letters are being used to offer lenders,
prospective purchasers, and other “innocent” partics assur-
ances that they will not be the subject of future remediation
orders or other types of enforcement actions. Similar types of
protection are being offered automatically by statute (thar is,
without the need for a formal letter) in some states to interested
persons such as lenders, municipalities, utilities, etc.

X1.7.5.11 Prospeciive Purchaser Agreemenis—FProspective
Purchaser Agreements provide protection from liability for
innocent buyers who perform remediation in accordance with
a plan approved by the state or the Federal government. These
agreements can be obtained from cither a state offering such an
mechamsm, or EPA Gf its an NPL site), or both. The Federal
government has offered guidance, dated May 24, 1995, eatitled
“Guidance on Agreements With Prospective Purchasers of
Contaminated Property,” describing what types of sites are
eligible for the Federal program. A variety of policies may be
pursued which arise from EPA guidance, such as government
statements of no further interest at this time.

X1.7.5.12 Other Mechanisms:

X1.7.5.33 Review and Evaluation Services—Many states
provide review and c¢valuation services to determinge the
adequacy of any site investigations or remediation plans.

X1.7.5.14 Reclassification of the Site or Redefinition of Site
Boundaries—Many states reclassify sites that have been reme-
diated or deemed not to require remediation as “inactive” or
redefine a site’s boundaries.
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X1.7.5.15 Agreement Not to List on Federal CERCLIS—
Many states have agreed 0 refrain from listing sites partici-
pating in the state VCP on the Federal CERCLIS or the state
Superfund list, This agreement often comes in the form of a No
Action Letter or is incorporated into another type of comple-
tion letter.

X1.7.5.16 Immunity from Enforcement Actions—In some
states, the completion letter constituies immunity to a state
enforcement action.

X1.7.5.17 No Release—A few states explicitly provide that
curtent or prior owners of operators who are considered to be
potentially responsible parties will NOT be released from
liability at the site.

X1.7.6 Eligibility for Program

X1.7.6.1 Current Owner Only—Some states allow current
owners only to participate in the VCP.

X1.7.6.2 Lenders/Fiduciaries—Some states allow lenders,
fiduciaries, and/or other parties providing financing to partici-
pate in the VCP and thereby enjoy its benefits. In addition,
some states provide Hability protection automatically by statute
without the need for the lender or fiduciary to obtain a
completion letter from the VCP.

X1.7.6.3 Prospective Purchasers—5Some states allow pro-
spective purchasers the benefits from the VCP.

X1.7.6.4 Non-Responsible Parties Only—Some states allow
only non-responsible or non-liable parties to participate in their
YPs.

X1.7.6.5 Successors and Assigns—3Some states allow suc-
cessors and assigns to enjoy the benefits from the VCP.

X1.7.6.6 Third Party Claims—Some states provide broad-
based releases that protect the volunteer from thied party claims
as well.

X1.7.7 Other Issues:

X1.7.7.1 Recordation—Some states require recordation of
the completion letter in local land records.

X1.7.7.2 Audits—Some states reserve the right to audit
properties undergoing voluntary remediation,

X1.7.77.3 Stakeholder Involvement—Some states mandate
stakeholder involvement for some or all of the sites moving
through the VCP.

X1.7.77.4 Affidavits—Some states require that all documents
refating to the VCP be submitted by affidavit.

X1.7.7.5 Audiv Privilege—Some states provide that any
information or data generated during the remediation is not
admissible in any administrative or judicial action.

X1.7.7.6 Access to Records/Records Retention—Some
states require that volunteers provide them access to remedia-
tion records and require retention of those records for & specific
length of time.

X1.7.7.7 Waiver or Consolidation of Permitring
Requiremenis—Some states waive or consolidate state and
local permitting requirements in an effort to facilitate voluntary
remediation.

X1.8 Education/Qutreach :

X1.8.1 To ensure the success of the RBCA program, both
regulatory agencies and the regulated community should be
given adequate training opportunitics regarding program ob-
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jectives and procedural requirements, In addition, outreach
¢fforts may be undertaken to promote understanding and
acceptance of the risk-based process by other involved parties,
such as community or citizen's groups and the real estate,
development, banking, or insurance industries, Key consider-
ations are summarized below.

X1.8.2 Agency Personnel Training—Regalatory agency
personnel should receive training commensurate with their
responsibilities regarding RBCA evaluations. corrective
actions, and completion reports. Such training may include an
overview of the RBCA process, review of key policy decisions,
guidance regarding evaluation of sitc assessment data and
selection of representative site parameters, calculation of
risk-based corrective action goals, and determination of appro-
priate corrective actions. In general, such training will build
upon the prior knowledge and experience of the agency staff,
focusing on those areas in which RBCA policies may modify
or expand existing procedures.

X1.8.3 Regulated Community and Contractor Training—
The regulated community and the professional consultants and
contractors involved in the RBCA program implementation
should also receive a formal orientation comparable to that
received by agency personnel. An effective training technique
may be to train agency personnel, the regulated community and
consultants simultancously. Emphasis may be placed on avail-
able standardized tools for calculations and reporting. The
regulatory agency may choose to conduct these orientation
sessions and/or authorize cortified trainers to conduct in-depth
training workshops. Written guidance and practical case study
examples will greatly improve the ability of the applicant to
“get it right” the first time,

X1.8.4 Chreach Programs—Efforts should be considered
to communicate the objectives and significance of the RBCA
program to stakeholders, including members of the general
public. environmental groups businesses, real estate interests,
banking establishments, the insurance industry and all those
potentially involved in the sale and transfer of affected prop-
ertics. Key issues to address include: the significance of
risk-based corrective action goals and the level of protection
provided to current and futare property users; the gencral
process required to achieve site closure; and the optional
mechanisms for activity and use Hmitations that may be
applied in some cases. These outreach initiatives may take the
form of printed information booklets, stakcholder forums, trade
association presentations, or all of these.

X1.9 Stakeholder Involvement Activities:

X1.9.1 Inrroduction:

X1.5.1.1 One of the purposes of this appendix is to provide
a review of generally accepted principles in successful stake-
holder involvement. including risk communication. For pur-
poses of this appendix, stakeholder involvement activities are
those activities that can be used by volunteers and regulatory
agencies in corrective action programs to ensure that the
stakeholder 1s both informed of and, if interested, involved in
planning for corrective actions, This incorporates the concept
that risk communication activities must be designed to allow
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the stakcholder an opportunity to understand what the risks
from chemical releases are and how they can be mutigated. In
YPs, the opportunity for stakeholder involvement activitics
may be provided by the state or the private sector, or both, and
the opportunity may be provided during either the development
of the program, on a site-specific basis, or both.

X1.9.1.2 Methods to provide the opportunity for stake-
holder involvement in RBCA and risk comimunication pro-
grams may occur during the following steps of regulatory
development;

X1.9.1.3 Initial program development;

X1.9.1.4 Policies and guidance;

¥1.9.1.5 Regulation development/Tmplementation;

%1.9.1.6 Informal Methods;

X1.9.1.7 Risk Communication Technigues;

X1.9.1.8 Stakeholder involvement opportunities for envi-
ronmental programs vary in the level of effort, form and
content, Agencies can cstablish various regulatory require-
ments for the regulated comumunity or they can fashion
guidance stating the general policy of the state agency to
provide maximum opportusities for stakeholder involvement
in decision making. Stakcholder involvement may be program-
wide and site-specific.

X1.9.1.9 The scope of stakeholder involvement for different
activitics is quite varied among cleanup programs. While some
programs reqguire and engage in stakeholder involvement only
during the guidance or regulatory development stage, others
may require local, site-specific stakeholder involvement oppor-
tunities for each stage in the ¢leanup process. Three examples
will iHlustrate this phenomenon. During private corrective
actions, which may use the RBCA framework, there may be no
specific regulatory approval or required stakcholder involve-
ment activities. Insurance companies, for example, may use
RBCA to determine “prudent to do” actions for their clients,
without requiring site-specific stakeholder involvement. In the
second example, Pennsylvania developed its Act 2, Land
Recycling Program using stakeholder participation. Specific
sites, however, which use the background or statewide health
standards, require notification only and do not require any
further stakeholder iavolvement to complete cleanup. The
rationale here is that stakeholder input on the basis of cleanup
was provided at once in developing the program. Finally,
Massachusetts developed its RBCA program and required
milestone public notification requirements for ¢ach site in the
program. Furthermore, with a citizen petition, responsible
partics are required to formulate and implement a Public
Participation Plan for an individual site, including pubhc
meetings at ¢ach milestone of the cleanup process. Clearly
these examples represent the spectrum as to the scope and level
of effort of stakeholder involvement in RBCA programs.

X1.9.2 Risk Communicarion—The use of the RBCA guide,
as with all technical materials, will require a sincere atternpt to
communicate with stakeholders. Some basic principles of risk
communication are articulated in this appendix.

X1.9.3 Program Development—Many state YOPs and other
cleanup programs have cither required or voluntarily included
stakcholder involvement during development. The use of
advisory committees, surveys of potential stakcholders, and
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workgroups from the regulated community are all techniques
that have been emploved to develop a VCP. These methods are
in addition to any statutory public hearing requirements, and
gencrally reflect the unigue nature of VUPs. During this
process, the scientific underpinnings supporting RBCA meth-
ods should be clearly explained to stakeholders.

X1.8.4 Policies and Guidance:

X1.9.4.1 Many VCPs are built on policies and guidance
written by the regulatory agency. Such documents may recom-
mend general or specific opportunities for stakeholder involve-
ment opportunities.

X1.94.2 At sites where the stakeholders indicate an interest
in  participating in respopsc  action  planning  and
implementation, policy and guidance may recommend that
opportunitics be established in a stakeholder involvement plan
that is prepared in response to petition or more informal request
or a request by local officials. Such a plan may: provide
background about the site, response actions already conducted,
and the history of stakeholder involvement at the site; identify
the specific opportunities for stakcholder involvement in
cleapup decisions that will take place: and describe activities
that will be undertaken to address and incorporate concerns in
the remediation. Stakeholders may also be involved in risk
reduction measures and/or remediation done as part of a state
YCP. In addition to its utility at the overall program develop-
ment phase, the stakecholders meeting may be an effective
communication technigue at an individual site. Site-specific
stakcholder meetings may be used to discuss the identified
regulatory approach, wentify critcal data gaps such as funda-
mental information on ¢xposure pathways and receptors, and
ultimately to communicate the selected risk-based corrective
actions for the chemical release.

%1.9.4.3 Specific techmques recognized in agency guidance
may also include the regular publication and distribution of site
fact sheets and conducting community interviews.

X1.8.5 Regulations—Many regulatory agencies have pro-
mulgated specific regulations which require formal, docu-
mented opportunities for stakeholder involvement. Public
meetings or hearings. either formal or informal. may be
required at certain stages of corrective action decision making
such as the sclection of remedy. Other reguirements may
include activities that inform stakcholders about the status of
response actions. These activities include, among others, noti-
fications to Jocal officials and publication of legal notices in
newspapers at key milestones in the response action process. In
addition, because future use of a site is a major determinant of
remediation goals, regulations may require consideration of
focal land use planning activities to determine cusrent and
potentially feasible future site uses.

X1.5.6 Informal Methods—The use of the RBCA guidance
mnchudes site assessment activities that by their very nature
require close contact with stakeholders and the local govern-
ment. Everything from site access to sampling, to the review of
town records, requires interaction with people who hve and
work in the community where the site is located. Informal
stakeholder involvement requires tact, honesty and a willing-
ness on the part of the user of the guide to commumnicate with
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many different people about the site. Semetimes, the under-
standing of site conditions and remediation challenges are
more effected by such imformal interactions than they are by
public hearings or meetings.

X1.9.7 Risk Communication Technigues:

X1.97.1 People in the commumity should be well informed
about the true risks presented by a site and the decision-making
process regarding assessment and cleanup activities at a site. It
is important to communicate with residents as often as possible
and at a level that can be easily understood.

X1.9.7.2 The use of jargon and acronyms should be strictly
fimited during interactions with stakeholders. Written and oral
presentations should consider material at the 9% or 10™ grade
reading level for ease of understanding among adults who are
not technically trained. Long involved sentences with multiple
clauses may be avoided by substituting simple direct state-
ments and familiar terms,

X1.9.7.3 Comparative risks from chemicals and from ev-
eryday activities may be a tool for consideration in communi-
cation of risks. The risks of getting struck by lightning, for
example, might be compared with the risks of cancer from an
individual chemical at an individual site. The cumulative risks
of driving an automobile might be compared with cumulative
risks from a site. In addition there is a need to compare actual,
expected risk with calculated or theoretical risk which may be
based on upper bound, conservative estimates.

¥1.9.7.4 Caution in the use of comparative examples must
be exercised because of the perception of risks by individuals
and communities, as well as understandable sensitivity to the
comparison of voluntary versus involuntary risks. Risks that
are natural, not man-made and that are part of a community’s
everyday experience may not be perceived as very high risks.
In rural cormmunities, for example, while the risk of contracting
Lyme discase transmitted from ticks may be quite high, the
perceived risk is surprisingly low. While the risks of injury
from motor vehicles are guite high, because riding in a car or
on the bus is more or less voluntary, the perceived risks and
level of outrage generated by cars in the community may be
much lower than the perceived rnisk and level of outrage
generated by the presence of chemical releases in the neigh-
borhood. Regardless of the use of comparative sk tools,
stakeholder involvement in decision making will eventually
lower both the level of outrage and the perceived risks from a
site, because it gives communities and individuals a greater
sense of control over the risks.

X1.10 RBCA Program Evaluation:

X1.10.1 Evaluation of the proposed RBCA process may
assess the impact of critical policy decisions and optimize
program efficiency. This evaluation can be conducted before,
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during, or after development and implementation. It may be a
cooperative effort among various organizations representing
industry, government and other stakeholders. Such program
evaluations may inchude one or more administrative reviews of
technical investigations described below.

X1.10.2 Administrarive Review—Administrative process
flowcharts of the proposed RBCA program and the existing
corrective action rules may be developed and compared to
characterize the scope and timing of principal steps involved in
the site evaloation, remediation. and closure process. Key
issues in this assessment will be the clarity and completeness of
the site management process, as well as the number of review
and approval steps imposed upon the regulatory authority.
Consistent with the goals of RBCA, the administrative process
should serve to expedite action at higher nisk sites.

X1.10.3 Demonstration Projects—A demonstration project
involves processing a linuted number of sites (for example,
less than ten) through the RBCA program in as much detail as
possible. The objective of the demonstration effort 18 to check
the completeness of the proposed RBCA guidelines, identify
possibie conflicts or constraints on implementation, and predict
general effects on remediation requirements or CoOSts.

X1.10.4 Planning Level Studies—A planning level stmudy
involves processing a large number of sites (that is, all of one
company’s sifes in a state or region. or a random selection from
all sites in the state or region) through the RBCA process.
Results from any demonstration projects may also be inte-
grated into planning level studies. This study can often give a
clear picture of the potential resource savings made possible by
adopting a RBCA program, as well as the potential impact of
a given policy decision on the rate of site closures under Tiers
1 and 2.

X111 Available Resources—Development and implemen-
tation of a RBCA program will require a significant commnut-
ment on the part of the development team. However, those
RBCA programs presently in place in various states have
demonstrated that this effort can yield significant benefits in
terms of expediting the site remediation process and ensuring
efficient allocation of limited resources to high priority sites.
Parties interested in developing a RBCA program are encou-
aged to contact those state agencies with programs currently
underway for examples of written guidelines and direct expe-
rience with procedural challenges and successes. The EPA
Office of Underground Storage Tanks (OUST) and Office of
Solid Waste and Emergency Response (OSWER) are presently
maintaining an information clearinghouse for RBCA programs
and can provide data regarding document resources and contact
names. Table X1.2 shows some program attributes of the
various state programs,
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TABLE X1.2 Suggested Action ltem Checklist for RBCA Program
Implementation

FProgram Design Tasks

* RBesponse Action Evaluation System

* Chemicals of Concern List

* Target Risk Limits
Applicable Exposure Factors
Tier 1 RBCA Eguations

Point of Compliance Definitions

Tier 2 RBCA Modeling Requirements

Compliance Monitoring Specifications
Risk Management Options {Institutional controls, long-term engineering

contrals, other activity and use limitations)
s Minimum Site Characlerization Requirements
s Data Sources and Uncertainty Guidelines

Agency Guidance Documents

» RBCA Guidance Manual {includes all of the following)

» Tier 1 RBSL

* Tier 2 Modeling Guidance {(default parameters, approved analytical models,

etc.)

Tier 3 Modeling Guidance
Standardized Report Formats
Customized Tier 1/Tier 2

* 9 2 ®

Administrative/Institutional Tasks
» Legislative Action
Regulatory Action

Agency Staff Training

¢ ¢ & o @

RBCA Bemonstration Studies

RBCA Application Review Checklist

Coordination/Review with Stakeholders

Education/Cutreach to Regulated Community and Contractors

XI. CHEMICALS: THE ROLE THAT PROPERTIES AND EFFECTS PLAY IN THE RBCA PROCESS

X2.1 Introduction:

X2.1.1 The purpose of this appendix is to:

X2.1.1.1 Highlight issues that a user should consider when
looking at/for site-related chemicals,

X2.1.1.2 Identify common chemical groups that may be
encountered at sites,

X2.1.1.3 Define chemical properties that are environmen-
tally relevant for examining the fate and behavior of chemicals
at a site, and

X2.1.1.4 Discuss the potential uman health and ecological
effects of chemicals at a site.

X2.1.2 Users for whom this appendix is intended include an
individual or group involved in the RBCA process including
owners, operators, regulators, UST Fund managers, attorneys,
consultants, legislators, and others.

X2.2 Issues for the User:

X2.2.1 Chemical data may be gathered for a variety of
purposes such as supporting site assessment, response actions,
comparison to RBSL, and determining 5STL. Consistent with
the tiered approach employed within RBCA, additional site-
specific chemical data and information may need to be col-
lected at successive tiers to appropriately incorporate the
concepts presented in this appendix into the evaluation. Ex-
amples of the types of data used during Tier 2 and 3 evaluations
arc presented in this appendix. Such information should be
summarized in a clear and concise format in RBCA reports.
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X2.2.2 The user should consider obtaining information on
chemical properties and effects commensurate with the
qualitative/quantitative level of the Tier (1,2, or 3) Evaluation.
This appendix highlights properties and effects of chemicals as
they pertain to:

X2.2.2.1 Identifying pathways of exposure,

X2.2.2.2 Providing values that are used in fate and transport
estimates or models,

X2.2.2.3 Identifying the kinds of toxic effects that a chemi-
cal may pose.

X2.2.2.4 Wentifying the degree of toxicity that a chemical
may pose.

X2.22.5 Developing RBSL and SSTL values, and

X2.2.2.6 Hentifying sampling and analytical needs.

X2.3 Chemicals - Groupings, Properties, and Chemical
Behavior:

X2.3.1 Chemical Groupings:

X2.3.1.1 This RBCA standard has been developed foruse at
sites that could contain any number of chemicals, and hence
crosses over many types of manufacturing, production, and
disposal processes. When the user plans how to approach the
collection of data to support the tiered evaluation at any given
fevel. consideration must be given to determining chemical
concentrations for groupings of chemicals appropriate two the
site such that fate, transport, behavior, and cxposure are
addressed. The chemical groupings selected as examples for
this appendix are based on the frequency they are encountered

Charles Menzie (Exponent) pursuant to License Agreement. No forther reproductions authorized.

ED_006308_00000315-00030



at sites, and environmentally relevant physicochemical prop-
ertics that determine their fate and behavior at the site. These
groupings correlate with many of the analyses developed in the
Ref (3) that were designed to capture broad classes of
chemicals in a variety of sample matrices (see Table X2.1). The
table provides the user with insight into commonly defined
broad classes of chemicals as well as the predominant methods
used for their analysis. While it is not all encompassing, it
provides the user with guidance as a possible approach for
categorizing chemicals and for requesting appropriate analyti-
cal methods for measuring those chemicals in different envi-
ropmental media. The analytical methods in Table X2.1 are
used only to illustrate logical groupings of chemicals. Because
methods change with time, the user needs to identify the
analytical methods that are acceptable and appropriate for the
specific application,

X2.3.2 Chemical Properties:

X2.3.2.1 The fate and transport of chemicals in the eavi-
romment is largely a function of their physicochemical proper-
ties under differing ambient environmental conditions. The
physicochemical properties of a chemical can be used to infer
its eguilibrium distribution between the various environmental
compartments and to study its behavior within a single
environmental medium. Exposures may also occur under
non-cquilibrium conditions. In such cases, the rate of release of
a chemical may influence exposure. The relationships between
chemical properties and covironmental media govern these
processes. Rates of chenucal release can affect a chemical’s
bioavailability. Environmental conditions and route of expo-
sure to human or ecological receptors also influence rates of
release and bioavailability. Information on soil properties can
be helpful for evaluating and modeling the bioavailability of
inoreganic and organic chemicals.

X2.32.2 For orgapic compounds, investigators often con-
sider the following physicochemical propertics when studying
environmental behavior, transport, and accumulation: aqueous
solubility (§ or C,,), vapor pressure (V,, or P), Henry’s Law
constant (H or Kyy), octanol-water partition coefficient (K ).
and organic carbon partition coefficient (K_ ). The fate and

E2081 - 00 (2015)

transport of inorganic compounds, such as metals, can be
influenced by their chemical speciation and propertics such as
complexation reactivity, surface reactivity, and agueous soly-
bility. Although these physicochemical properties govern the
transfer of chemicals between the various environmental media
and do not reflect the rates of the various exchange processes
{(that is, no consideration of kinetics), knowledge of such
physicochemical properties is useful when assessing chemical
movement between media and the relative umportance of
various source and sink terms within media. Other important
processes that affect the transport and fate for organic and
inorganic compounds can include biodegradation, chemical
release from soil and sediment solids, sequestration, cherical
transformations such as acid-base reactions, redox reactions,
hydrolysis reactions, and direct and indirect photochemical
transformations. The kinetics of chemical release is a key
aspect of exposure for chemicals that are adsorbed or seques-
tered. In cases where cguilibriom relationships overestimate
exposures, information on the kinetics of release can be
especially valuable. These may be important for ground water,
exposure to humans, and exposure to ecological receptors.

X2.3.3 Defining Physicochewmical Properties:

X2.331 Agueous solubility (S or C,) refers to the maxi-
mum concentration that a pure compound can achieve in water
at equilibrinm, This property is measured in the laboratory and
provided in various texis on environmental chemistry.

X2.3.3.2 Vapor pressure (V, or P%) is a measure of the
partial pressure of the vapor phase of a compound at equilib-
rium with its pure condensed phase (either liquid or solid).
Vapor pressure reflects the tendency of a compound to flee the
condensed phase and enter the gaseous phase and is highly
dependent upon temperature. This property is measured in the
faboratory and provided in various texts on environmental
chemistry.

X2.3.3.3 The Henry's Law constant (H or K} is the ratio of
the partial pressure of a compound in air to its concentration in
water at equilibrinm. The Henry's Law constant is an air-water
partitioning coefficient and, for a particular compound, it can
be simply estimated by knowing the compound’s agueous

TABLE X2.1 Chemical Grouping Summary Derived from EPA SW-846 Methods (3)

Chemical Grouping Chemical Analvtical

Method Number

Analytical Mathod

Descrigtion of Chemicals in Grouping

Halogenated VOCs 8010 B Il {see also GC
B240/B260)
Arcmatic VOCs 8021 Al (see also Capiltary GC/PID & ECD in

Mixed aromatics and aliphatics, single and multiple halogens

BTEXs, mixed aromatic and aliphatics, without halogens, and with

8240/8260) series single/muitiple halogens
Phengls 8040 GC Basic phenol, plus chioro, methyi and nitro substituted phenols
Phthalate Esters 8061 i Capitlary GC/ECD Various phihalate esters, substituted and non-substituted
Crganochiorine Pesticides 8080 A 1178081 1 8080 A Il: GO Qrganochlorine Pesticides, PCBs as Arochlors
+ PCBs as Arochiors 8081 1i: Capillary GO
PAHs 8100, 8310 8100: GC, 8310: LC PAHs
Chicrinated Hydrocarbons 8120 A 11, 8121 11 8120 Al GO 8121 8120 A lI: Aromatics, saturaled/unsaturated aliphatics (subset of
II: Capillary GC 8121 i}, 8121 1i: more compounds than 8120 A |

Non-Halogenated VOCs 8240 B i, 8260 Al 83240 B il: GC/MS
Al Capillary GCO/MS
8250 AL GCMS

8270 B li: Capillary GT/MS

8260 8240 B [I: Broad list of compounds, 8260 A i
8240 B ll, isomeric resoclution

8250 A li: Broad list of compounds, 8270 B Il more compounds than
8250 Al isomeric resolution

nore compounds than

Non-Halogenated SVQCs 8250 A1, 8270 B 1

Metals 7000 Series Ad/direct aspiration, furnace All metals except mercury
technigue, gaseous hydride,
borahydride reduction
Mercury TATO AL 7471 Al Manual cold vapor technigue Mercury
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solubility and vapor pressure at a given temperature. This
property is measured in the Iaboratory and provided in various
texts on environmental chemistry.

X2.3.3.4 The octanol-water partition coefficient (K} is a
dimensionless constant which reflects the tendency of a chemi-
cal to partition between an organic phase {octanol) and water,
The octanol-water partition coefficient is essentially a measure
of a compound’s hydrophobicity, and more hydrophobic com-
pounds will preferentially partition into the more nonpolar
octanol phase as well as into other nonpolar phases such as
natural organic matter. This property is measured in the
laboratory and provided in various texts on envirommental
chemistry.

X2.3.3.5 The organic carbon partition coefficient (K ) is 4
measure of the tendency of a chemical to partition between
organic carbon in soil or sediment and water. This property is
cither measured in the laboratory or estimated from Kow.

%2.3.3.6 Chemical speciation refers to the oxidation state of
a metal. It can be measured in the laboratory or estimated from
envirommental conditions.

X2.3.3.7 Complexation reactivity refers to the tendency of
two dissolved species to react to form a third species. Compl-
exation reactions are reversible processes, and the product
species can be ¢ither soluble or insoluble as a precipitate. This
property can be measured in the laboratory or estimated from
envirommental conditions.

X2.3.3.8 Surface reactivity refers to the tendency of solutes
(for example, charged metals) to react with solid surfaces.
Surface reactions can involve the formation of chemical bonds
between solutes and sarface moieties (for example, carboxyl,
phenolic, or sulfhydryl groups) or electrostatic interaction
between ions and charged surfaces (for example, ion ex-
change).

X2.3.3.9 Density refers to the mass of a substance per unit
volume (gfcc). This parameter is measwred in the laboratory
under specific conditions, and estimated or modeled under field
conditions.

X2.3.3.10 Availability referes to the ability of a chemical to
be released from a soil particle and thus be available for
degradation, volatibzation, or other mechanisms that have an
effect on the trangport, exposure and toxicity of the chemical,
Laboratory protocols can be used to estimate values for rapid
and slow, long-term release of this process in soils.

X2.3.4 Environmental Behavior and Exposure Parhways:

X2.3.4.1 The chemical groupings presented in this section
are based upon the SW-846 groups given in Table X2.1. These
groups are further organized by physicochemical properties
(see Table X2.2) and environmental behavior (see Table X2.3).
Toxicological criteria and effects information is presented in
X4 10 X206,

X2.342 The table on physicochemical properties (see
Table X2.2) gives the user examples of chemicals within each
of the chemical groupings presented in Table X2.1. The
example chemicals were chosen to illustrate the range of
physicochemical properties that exists within each grouping. It
is critical that the user understand that reported values for these
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physicochemical propertics can vary widely among reference
sources and that the values reported in Tahle X2.2 reflect only
the references cited.

X2.3.4.3 The table on environmenial behavior (See Table
X2.3) provides the user with a semi-quantitative indication of
how chemicals might move between different environmental
media. It is intended to be used at an ecarly stage of investiga-
tion to guide sampling activities and to aid in the development
of an exposure analysis. It is not intended to provide an
indication of the level of risk associated with exposure because
it does not incorporate toxicity information. The table employs
qualitative designations of low, medium, and high (L, M, and
H) to rank potential exposure pathways. The semi-guantitative
designations in the table usually span a range (for example,
L-M, M-H) which reflects both variations in physicochemical
properties within the chemical groupings and possible site-
specific variations. In some cases potential for exposure will
depend on specific activities {(for example, excavation of soil)
or on other site-specific conditions. The user is advised to
review the footnotes for additional guidance on these modify-
ing factors.

X2.3.4.4 The effects that these properties have on environ-
mental behavior and exposure pathways are discussed below
with an example compound(s) provided for each chemical
grouping. Again. these descriptions are general, as site-specific
factors can influence the behavior of compounds.

X2.3.5 Halogenated Volatile Organic Compounds:

X2.3.5.1 These compounds are volatile and soluble in water
as indicated by their Henry's Law constants and solubility
values, respectively, They tend to have a low residence time in
surface soil and surface water environments. However, they
can leach to and migrate in ground water where they are
typically more persistent than non-halogenated compounds.

X2.3.5.2 Major exposure routes include the ingestion of
impacted ground water and the inhalation of vapors. These
compounds usnally do not accumulate in the food chain.

X2.3.6 Non-Halogenated Volatile Organic Compounds:

X2.3.6.1 These chemicals tend to be relatively soluble in
water, and therefore can be transported to ground water
systems, and be distributed between the various environmental
media in a similar fashion to the halogenated VOCUs, While
their environmental fates are similar to the halogenated VOCs,
abiotic transformations and biodegradation can be more 1m-
portant processes for non-halogenated VOCs, reducing their
residence times in the subsurface environment.

X2.3.6.2 The potentially important exposure pathways
again include the ingestion of impacted ground water and the
inhalation of vapors from soil and ground water.

X2.3.7 Alkylated Benzenes:

X2.3.7.1 Alkylated benzenes such as the BTEX compounds
(benzene, toluene, ethylbenzene, and xylenes) have high vapor
pressures and are relatively soluble in water. Due to their high
vapor pressures, volatilization is often an important removal
process for these compounds. These compounds also have a
tendency to leach from impacted soils to the water table, with
subsequent transport in ground water. They are mobile in the
subsurface due to their refatively high aqueous solubilities and
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TABLE X2.2 Physicochemical Properties of Sample Compounds Selected to Represent the Magnitude and Range of Properties within
Environmenially Significant Compound Classes”?

Compound Class Sample Compounds C

Pe KH EOg K'ow Koc

w
Agueous Solubility  Vapor Pressure Henry's Law Qctancl-Water Organic Carbon
{rng/t} {torr) Constant Partition Coefficient Partition Coefficient
(L aim mal™") {mi/g)®
Organics
Halogenated Volatile Organic Dichlorometnane 1.8E+04 4.5E402 2.60E400 1.15 1T E+01
Caompounds Tetrachioroethene 1.80E+02 1915401 2.75E+01 2.88 3.7E+02
Non-halogenated Volatile Carbon Disulfide”  210E+03{20°C)  287E+02 (20°C)  1.4E+00 (20°C) 1.70-4.18 6.5E+01
Crganic Compounds Methy! Ethyl Ketone® 2.39E405 2.06E+01 1.05E£-02 .29 4.8E+00
Alkylated Banzenes Banzene 1.79E+03 9.6E+01 5.5E400 213 5.4E+01
{subset of Aramatic VOCs) Eihyloenzene 1.88E4+02 2.57E+00 7.8E+00 3.18 5.8E+402
Chlorinated Benzenes 1.2-Bichlorchenzene 1.18E+02 1.48E400 2.5E+400 3.38 1.0E+03
{subset of Chlorinated Hydrocarbons) Hexachlorobenzene 5.61E-08 2.35E-05 1.80E+00 5.5 7 4E+04
Phenols Phenol 9.0E+05 1.85E-01 4.1E-04 1.45 2.3E+00
2-Chiorophenci® 2.80E+04 1.42E400 5.6E-04 2.15 6.2E401
Phthalate Esters Dimathyt Phthalate 4.25E+03 1.82E-02 1.10E-03 1.53 4 45401
Din-butyl Pththalale 9.43E+00 7.26E-05 1.28E-03 457 1.3E+03
Palychiorinated Biphenyls {(PCHs) Aldrin® 0.02(20°C) 0.0000375 (20°C) 5.0E-01 6.5 3.8E404
and QOrganochiorine Pesticides Dieldrin 2.20E-01 5.02E-06 1.128-02 5.48 9.9E+03
Organic Acids and Bases Benzoic Acid™0 2700 {(18°C) 4.5e-3 {20°C) 1.87 5.7E+01
Aniline®F 3.61E+04 4.89E-01 0.9 1.4E+01
Polyeyclic Aromatic Naphthalane 3.18E402 7.96E-02 4.3E-01 3.36 1.4E4+03
Hydrocarbons (PAHs) Benzo{a)pyrens 1.82E-03 5.51E-09 1.20E-03 6.50 1.9E+08
inorganics
Metals® Lead NA 1.00E+01 (1180°C) NA NA NA
Mercury NA 2.00E-03 N& NA NA

A Al data is for 25°C and was taken from Schwarzenbach et al. (4Juniess otherwise noted.

5 Al K, values estimated using linear free energy relationships.

“ Data from Howard {5}.

P Benzoic Acid is an organic acid and has an acid dissaciation (pKa) of 4.1 {5}

E Aniline is an organic base and has a base dissociation constant (pKb) of 9.4 {(5).

low octanol-water partition cocfficients. Biodegradation can be
an impostant removal process for alkylated benzenes in soil
and aquifer systems, thus reducing their residence times in
these media.

X2.3.77.2 Ingestion of, or dermal contact with, impacted
ground water, and inhalation of vapors from soil and water can
be important exposure pathways for alkylated benzenes.

X2.3.8 Polycyclic Aromaiic Hydrocarbons (PAHS):

X2.3.8.1 These compounds have a high affinity for organic
matter and are relatively insoluble in water, as reflected in high
Koc and Kow values, and fow agueous solubilities. PAHs tend
to remain bound to particulates and dissolve slowly in water.
As such, the physical fate of these chemicals is usually
controlled by the wansport of particulates and the release of the
chemicals from soil and sediment solids. Consequently, soil,
sediment, and suspended particulate matter are the more
common media for transport. Biodegradation by microorgan-
isms 1§ an important removal process for PAHs. Volatilization
can also be an important romoval process for the lighter
molecular weight PAHs.

X2.3.8.2 Direct contact with impacted media, as well as
inhalation of fugitive dust can be important exposure pathways
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for PAHs. PAHs may occur in select food stuffs, including the
leaves of plants after atmospheric deposition and in shelifish
through biocaccumulation. These chemicals do not typically
bicaccumulate in vertebrates such as fish.

X2.3.9 Phenols:

X2.3.9.1 These compounds are highly water sotable and can
leach from soil into underlying ground water systerns. They are
pot persistent in surface waters due to rapid microbial and
indirect photolytic degradation. Phenols are not highly volatile
compounds, nor are they readily bioaccumulated by terrestrial
or aquatic biota.

X2.3.9.2 Important exposure pathways for phenols could
include ingestion of ground and surface waters, as well as
dermal contact with such waters. Exposure to phenols would
have to occur soon after their release due to their rapid
disappearance from natural waters,

X2.3.10 Phthalate Esters:

%2.3.10.1 Phthalate esters vary greatly in their water soly-
bility and sorptive characteristics. Some can be very water-
soluble and can thus migrate horizontally in surface ranoff to
surface water bodies, or can vertically migrate in soif solutions

o3

o3
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TABLE X2.3 Gualitative Ranking of important Potential Exposure Pathways Based on Chemical Behavior for Common Site
Contaminants Grouped by Compound Clags™59P

Compound Class

Contaminated Media

Surface Scils

Sub-surface Soils®

Ground Water”™

Sediment®

Surface Water®

Organics

Halogenated Volatile Organic
Compounds

{e.g., dichloromethane,

MNon-halogenated Volatile
Organic Compounds
{e.g., carbon disuffide,
methyl ethyl ketone)

Alkylated Banzenes
{subset of Aromatic VOCs)
{e.g., benzene,
ethylbenzeane)

Chiorinated Benzenes
{subset of Chiorinated
Hydrocarbons) e.q.,
1,2-dichlorcbenzensa,
hexachlorobenzene)

Phencls
{e.g., phenal,
2-chlorophenol)

Phthalate Esters
{2.g., dimethy! phthalate,
di-n-butyl-phthalate)

Polychiorinated Biphenyis {(PCBs)
and Crganochlorine Pesticides
{e.g., aldrin, dieldrin)

Palyeyclic Aromatic
Hydrocarbons (PAMs)
{e.g., naphthalene,
benzo(a)pyrene}

inorganics
Metals
{e.g., lead, mercury)

direct contact: L—M
leaching to gw: M—H
vapor formation: H
fugitive dusts: L—i
surface runoff: M—H

direct contact: L-»>M
leaching 1o gw: M->H
vapor formation: H
fugitive dusts: LM
surface runoff: M—H

direct contact: L—M
leaching to gw: M—sH
vapor formation: H
fugitive dusts: L-»>M
surface runoff: M->H

direct contact: M—H
leaching to gw: L—M
vapor formation: L—>M
fugitive dusts: M—H
surface runoff: L—M

direct contact: M
leaching 1o gw: H
vapor formation: L—M
fugitive dusts: M
surface runoff: H

direct contact: M—H
leaching to gw: L—M
vapor formation: L

fugitive dusts: M-+H
surface runoff: L-+M

direct contact: M—H
leaching to gw: L—M
vapor formation: L—>M
fugitive dusts: M—H
surface runoff: L—M

direct contact: M-+H
leaching 1o gw: L
vapor formation: L
fugitive dusts: M—H
surface runoff: L—M

direct contact: M—H
leaching to gw: L-—>M
vapor formation: L7

fugitive dusts: M-+H
surface runoff: L-+M

direct contact: L—M
vapor formation: H

leaching to gw: M-—sH

fugitive dust: L

direct contact: L->M
vapor formation: H

leaching to gw: M—H

fugitive dust: L

direct contact: L—M
vapor formation: H

leaching 1o gw: M->H

fugitive dust: L-»>M

direct contact: M—H

vapor formation: L—M

leaching to gw: L—M
fugitive dust: M—HH

direct contact: L->M

vapor formation: L-+M

leaching to gw: H
fugitive dust: LM

direct contact: M—H
vapor formation: L
leaching 1o gw: Lk
fugitive dust: M-+H

direct contact: M—H

vapor formation: L—M

leaching to gw: L—M
fugitive dust: M—HH

direct contact: M—H
vapor formation: L
leaching to gw: L—M
fugitive dust: M—H

direct contact: M—sH
vapor formation: L7
leaching 1o gw: Lk
fugitive dust: M-+H

vapor formation: H
ingestion: M—H

transport to surface waler:

M—H

vapor formation: H
ingestion: L—->M

transpait to surface water:

]

vapor formation: H
ingestion: M—H

transport 1o surface water:

M

vapor formation: L—M
ingestion: M—H

transport to surface waler:

M—H

vapor formation: L-+M
ingestion: M-sH

transpait to surface water:

M-—>H

vapor formation: L
ingestion: M—H

transport 1o surface water:

LM

vapor formation: L—M
ingestion: M—H

transport to surface waler:

M—H

vapor formation: L
ingestion: M-sH

transpait to surface water:

]

vapor formation: L7
ingestion: L—M

transport 1o surface water:

LM

direct contact: M—H
ingestion of biota: L
vapor formation: H

transfer to overlying waters:

H

direct contact: M-+H
ingestion of biota: L
vapor formation: H

transfer to overlying waters:

H

direct contact: L—M
ingestion of biota: L
vapor formation: H

transfer 1o overlying waters:

H

direct contact: M—H
ingestion of biota: L—N
vapor formation: L—>M

transfer to overlying waters:

L

direct contact: L-»>M
ingestion of biota: L
vapor formation: L—M

transfer to overlying waters:

H

direct contact: M—H
ingestion of biota: L
vapor formation: L

transfer 1o overlying waters:

L->h

direct contact: M—H
ingestion of biota: M—H
vapor formation: L—>M

transfer to overlying waters:

L

direct contact: M-+H
ingestion of biota: L-+M
vapor formation: L

transfer to overlying waters:

L—M

direct contact: M—H
ingestion of biota: L—i
vapor formation: L7

transfer 1o overlying waters:

L->h

direct contact: M—H
vapor formation: H
ingestion of water: M—H
ingestion of biota: L

direct contact: M->H
vapor formation: H
ingestion of water: M—H
ingestion of biota: L

direct contact: M—H
vapor formation: H
ingestion of water: M-->H
ingestion of biota: L

direct contact: M—H
vapor formation: L—M
ingestion of water: M—H
ingestion of bicta: L—M

direct contact: M->H
vapor formation: L
ingestion of water: M—H
ingestion of biota: L

direct contact: M—H
vapor formation: L
ingestion of water: M-->H
ingestion of biota: L

direct contact: M—H
vapor formation: L—M
ingestion of water: M—H
ingestion of bicta: M—H

direct contact: M->H
vapor formation: L
ingestion of water: M—H
ingestion of biota: L—M

direct contact: M—H
vapor formation: L7
ingestion of water: M->H
ingestion of biota: L-+M

“ Assumes chemical release directly into media of interest with subsegquent fate and transport processes acting to influence contaminant concentration in media of interest
{that is, through transformations and distribution among other media).

Bl = low, M=

moderate, and H = high

© Direct contact refers to both Incidental ingestion and dermal contact.

? gw = ground water

£ For direct contact and fugitive dust, potential exposure is via excavation.
F For ingestion, potential exposture is via transport 1o a water supply.

% For ingestion, potential exposure is via bicaccumulation in edible acuatic organisms.
H Mercury is a extremely volatile metal when present in its elemental form [Hg(O))], and vapoars are thus often an important exposure pathway for this metal.

to the underlying water table. Others tend to sorb strongly to
orgamc matter. Direct photolysis can also act to remove
phthalate esters in surface waters. Volarilization is not an

important fate processes for phthalate esters due to low vapor
pressures and Henry's Law constants.
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X2.3.10.2 Potential exposure to phthalate esters can occur
via direct contact with impacted media and through ingestion
of ground and surface waters.

X2.3.11 Polychiorinated Biphenyls (PUBs) and Organo-
chiorine Pesticides:

X2.3.11.1 Polychlorinated biphenyls and organochlorine
pesticides are generally very hydrophobic and persistent in
environmental media doe to low agueous solubilitics, high
octanol-water partition coefficients, and high organic carbon
partition coefficients. Therefore, these compounds tend to sorb
to soil matrices where they are effectively sequestered and are
not casily released for subsequent transport by water or air
However, due to high Henry's Law constants, if solubilized
these compounds can be transferred from water surfaces to the
overlying air.

X2.3.11.2 bmportant exposure pathways for PCBs include
direct contact with impacted media and ingestion of PCB-
containing foodstuffs. Exposure to PCBs, in particular the less
highly chlorinated species, can also occur via inhalation of
vapors. PCBs and organochlorine pesticides can biocaccumulate
and biomagnify.

X232 Chlorinated Benzenes:

X2.3.12.1 Physicochemical properties of the chlorinated
benzenes span a wide range and consequently the various
chlorinated benzenes have contrasting environmental fates.
Volatilization from ground and water surfaces are important
processes for the mono- and di-chlorinated compounds as these
compounds have high vapor pressures, and high Henry’s Law
constants. The less chlorinated compounds are also more
soluble in water, potentially yesulting in leaching through the
vadose zone to the underlying water table. The more chiori-
nated benzenes. such as  pentachlorobenzene  and
hexachlorobenzene, are more hydrophobic and tend to sorb to
soil and sediment orgamc carbon. As a result, these more
hydrophobic compounds can be persistent in soils and sedi-
ments.

X2.3.12.2 Exposure pathways for chlorinated benzenes vary
depending on the degree of chlorination. Inhalation of vapors
and ingestion of, or dermal contact with contarminated waters
can be relevant exposure pathways for the lesser chlorinated
compounds. Ingestion of soil and sediments, either directly or
indirectly via inhalation of fugitive dust, are the more impor-
tant exposure pathways for the more chiorinated compounds.

X2.3.13 Organic Acids and Bases:

X2.3.13.1 Organic acids and bases include a variety of
compounds that either have proton donor or proton acceptor
properties. Organic acids and bases can have a number of
different functional groups. such as aromatic rings with hy-
droxyl groups (for example, phenolic compounds), aliphatic
and aromatic carboxyl groups, aliphatic ansd aromatic amino
groups, and aromatic rings containing nitrogen atoms {(for
example. pynidines). Although encompassing numerous com-
pounds with greatly differing chemical structures, organic acids
and bases are gencrally extremely water-soluble and are hence
very mohile in surface runoff and soil pore waters. Leaching 0
ground water and subseguent transport o ground water sys-
tems are common fate processes for organic acids and bases.
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Organic acids and bases are generally not volatide compounds.
Sorption of organic acids and bases can occur for both their
ionized and neutral forms, although partitioming into organic
phases is often decreased for ionized forms relative to neutral
forms. The persistence of organic acids and bases in environ-
mental media depeads upon their chemical structure and, as a
result. generalizations can not be made for the compound class
as a whole. The fate of organic acids and bases i3 largely
dependent upon ambient pH in aquatic and soil environments
because pH affects the magnitade of dissociation of organic
acids and bases (that is, the relative concentrations of ionized
and neutral forms). Benzoic acid is an example of an organic
acid that i3 not extremely persistent in aguatic and soil
environments due to high rates of biodegradation and a limited
sorption capability. Amline is an example of an organic base
that is rapidly removed from surface waters and soils through
photodegradation and biodegradation. However, aniline can be
relatively persistent in soil environments due to its ability to
sorb to soils. Thus, sorption is stronger at lower pH due to0 a
greater fraction of the neutral form.

X2.3.13.2 Exposure to organic acids and bases can occur
via dermal contact with contaminated waters and through
ingestion of ground and surface waters. Depending upon the
physicochemical properties of organic acids and bases and
such site-specific condirions as pH. sorption to soils can occur
in some circumstances. As a result, potential cxposure to
organic acids and bases could also occur through incidental
ingestion of soil or via inhalation of fugirive dust.

X2.3.14 Metals:

X2.3.14.1 The environmental behavior of metals is highly
dependent on their chemical speciation. The agueous solubility
of metals is moderated by their ability to react with other
dissolved species to form insoluble precipitates (complexation)
and to adsorb to charged surfaces (surface reactivity). Reactive
figands for metals in natural waters include sulfates.
carbonates, sulfides, and hydroxides. As a rule-of-thumb, the
transition metals have been demonstrated to have the complex
stability sequence: MnZ2+ < Fel+ < Col2+ < NiZ+ < Cu+ <«
Zn2+. Divalent metal species are generally more strongly
adsorbed onto charged surfaces than monovalent metals, and
smaller cations are more preferentially retained by charged
surfaces in competitions for exchange sites with farger cations.
Complexed and adsorbed metals can be retained in soils and
sediments.

X2.3.14.2 The potentially important exposure pathways for
metals can include ingestion of contaminated ground and
surface waters, as well as dermal contact with these waters,
Ingestion of soils and sediments, cither directly or via fugitive
dust, can also be important, Mercury is a4 unique metal because
it is volatile (see Table X2.2). As a result, inhalation of vapors
should be considered a possible exposure pathway for this
metal in its non-complexed form.

X2.3.15 Mixiures:

X2.3.15.1 The fate and transport of individual chemicals
within mixtures can greatly differ from the behavior observed
for those compounds in their pure forms. Co-factors, such as
the presence of solvents or cosolvents, can potentiate the
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mohilization of compounds that individually might be ex-
pected to sorh onto organic matter and be retained (for
cxample, PAHs). Similarly, vapor pressures and aqueous solu-
hilities can vary between individual components and mixtures.
For example, the presence of inorganic salts can decrease the
solubility of neutral nonpolar compounds in an agueous
environment,

X2.3.15.2 Potentially important exposure pathways for mix-
tures need to be assessed on a case-by-case basis, as they are
dependent upon the nature of the mixfure and site-specific
conditions.

X2.3.16 Media of Exposure:

X2.3.16.1 Site-specific conditions are important in influcne-
ing the environmental behavior of chemicals. Which sire-
specific conditions are most important depends upon the
compound’s physicochemical properties and the media of
interest. For example, the composition, pH or organic carbon
content of the contaminated soils are very important to some
chemical groupings, while wind or elevated ground surface
temperatures can be very important for others, Biocavailability,
may also be influenced by site-specific conditions.

X2.3.16.2 The following descriptions indicate a number of
environmental parameters which can influence the behavior of
and exposure to common chemicals in the environment. These
descriptions are followed by short discussions of media-
specific conditions which can be important modifiers of the
behavior of, and exposuse to, environmentally released chemi-
cals.

X2.3.17 Defining Environmental Parameters:

X2.3.17.1 Acid-volatile sulfides (AVS) are reactive solid-
phase sulfides which can bind certain metals such as cadmium
and lead in aguatic environments, thus removing them from
interstitial waters and reducing their bicavailability to
sediment-dwelling organisms. The ratio of AVS to SEM
(strmultancously extracted metals) on a molar basis is com-
monly used to predict the bipavailability and toxicity of metals
in sediments.

X2.3.17.2 Total organic carbon (TOC) refers to solid phase
organic carbon in natural organic matter which can bind
chemicals in soil and sedimentary environments. Natural
organic matter typically consists of 50 % organic carbon. TOC
is a commonly measured analytical parameter for soil and
sediment samples becanse sorption to organic carbon can be an
important fate process for chemical species.

X2.3.17.3 The pH of a solution is a measure of the concen-
tration of hydrogen or hydroxide ions present in a solution. The
pH of surface waters, ground waters, and soil solutions is an
important parameter with respect to the speciation and mobi-
fization of chemicals. The pH of patural waters normally lies
between 4 and 9.

%2.3.17.4 Conductivity refers to the current carrying capac-
ity of dissolved iwons (for example, CaZ+, Na+, Mg2+, Al3+,
ete.). Conductivity is a commonly measured environmental
parameter because it is a reflection of the concentration of ions
available for reaction with dissolved chemical species such as
metals.

X2.3.17.5 Redox potential (EH) is an analytical measure of
the oxidative/reductive conditions present in an agoatic envi-
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ronment. Positive redox potentials are reflective of highly
oxidizing conditions, while negative redox potentials are com-
mon of reducing environments. Redox potential influcnces the
speciation and hence the mobilization and toxicity of chemical
species such as metals.

X2.3.17.6 Cation ¢xchange capacity (CEC) is a measure of
the ion exchange properties of a soil eavironment. Clay
mingrals typically have high CECs and can efficiently retain
and exchange cations. The CEC of s0ils is dependent upon soil
mineralogy and pH.

X2.3.18 Soil:

X2.3.18.1 Both soil characteristics and physical properties
can be important when considering the fate and transport of
chemicals. Soil characteristics such as organic carbon content,
soil composition (percent sand, silt and clay, on oxide
content, etc.), and cation exchange capacity (CEC) can influ-
ence the environmental behavior of chemicals. Adsorption of
chemicals to soil surfaces can be important processes that serve
to bind and retain chemicals. For some metals, soil constituents
such as iron oxides can induce chemical reactions that result in
the formation of immobile and insoluble precipitates. The
cation exchange capacity (CEC) of soils is dependent upon soil
mineralogy and pH, and can indicate whether the retention of
charged species through ion exchange will be an important
process. Soil pH and redox conditions can also affect the form
and speciation of chemicals, and in wrn influence their fate and
transport. Physical properties such as soil strength, soil
moisture, and soil particle size are important with respect to the
erosion of soil and the formation of fugitive dust. Hydraulic
conductivity affects the rate of vertical and horizontal transport
in soil systems and is thus of importance with respect to the
transport of chemicals in soils to the underlying water table and
to nearby surface water bodics.

2.3.18.2 The bioavailability of chemicals in soil varies
with soil type, and the residence time of the chemical(s). Due
to interactions between chemicals and soil matrices, the frac-
tion of a chemical which is biocavailable to organisms generally
is less than the bulk concentration, even for newly introduced
chermicals. Chemicals may also weather in soil systems, may
become sequestered within soil matrices, and hence may show
diminished availability to organisms as shown in Ref (&)
Consequently, the residence time of chemicals in a soil along
with the soil characteristics can influence the bioavailability of
chemicals in soils via oral or dermal exposure.

X2.3.19 Sediment:

X2.3.19.1 Sediment properties such as total organic carbon
content (TOC), particle size distribution, clay type and content,
CEC. and pH affect the sorption of organic and inorganic
compounds to sediment. Sorbed compounds tend 0 be less
bioavailable to orgamisms and, as a result, direct exposure
through ingestion of sediments and exposure through the food
chain are often reduced.

X2.3.19.2 The bioavailability of some metals in sediments
is related to the presence of Acid Volatile Sulfides (AVS) Ref
(7). It has been shown that insoluble metal sulfides, typically
iron and manganese sulfides, control metal availability in
anoxic sediments by reacting with available divalent metals. A
comparison of the level of AVS to the amount of available
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divalent metal (Simultancously Extracted Metal or SEM) on a
molar basis indicates whether there is sufficient AVS to
cffectively sequester the available metal species, and reduce
availability to receptors.

X2.320 Surface and Ground Warer—Chemicals in water
may be affected by water characteristics such as suspended
solids, transparency, dissolved organic carbon, temperature,
pH, redox potential, and advective/dispersive processes. These
characteristics interact with the physicochemical properties of
the chemicals to influence their fate and transport. For
example, suspended solids affect the distribution of hydropho-
bic organic compounds which preferentially sorb to particles.
and transparency affects the rate of photodegradation.
Furthermore, dissolved organic carbon, nutricnt concentrations
and the prevalence of oxic or anoxic conditions can affect
microbial degradation.

X2.3.21 Non-Agueous Phase Liguids (NAPL}—At some
sites, organic chemicals may be present in the form of
non-aqueous phase Haguids (NAPLs) and, as such, represent a
noteworthy site-specific condition. NAPLs can be thought of
both as a chemical mixture and as a medium that is important
to behavior and exposure. NAPLs may cither floar on the
ground water surface (light or L-NAPL) or sink through water
(dense or D-NAPL). An example of a potential L-NAPL
mixture is gasoline. An example of a chemical that can occur
as a D-NAPL is trichloroethylene. The chemicals within the
NAPL behave differently than they do when dissolved 1in water
or adsorbed onto soils and sediments. NAPLs may move along
density gradients in response to gravity. L-NAPLs may flow
along the ground water surface while D-NAPLs may move
along interfaces in subsurface geologic formations. Further, the
fate of chemicals within the NAPL are affected by the NAPL
medium. For example, the hydrophobic nature of the NAPL
medium and the surface tension of the NAPL may limit
diffusion of chemicals within the NAPL into surrounding
ground water.

X2.3.22 Air—Volatilization can be affected by air tempera-
ture and wind velocity. Wind velocity can also affect the
transport of airborne pollutants from their sources. Precipita-
tion events and gravitational settling can result in the re-
deposition of airborne pollutant onto ground and water sur-
faces.

X2.4 Toxicity Values and Effects Considerations:

X2.4.1 In the previous sections of this appendix, the physi-
cal and chemical properties of chemicals and how these
properties determine the environmental distribution of chemi-
cals was discussed. Knowing the approximate long-term con-
centrations of chemicals in different environmental media is
necessary for determining long-term exposures. In addition to
needing some estimate of the affect of time on the concentra-
tion of chemicals in different environmental media, knowledge
of the potential toxicity of chemicals is necessary to provide an
estimation of risk from exposure to released chemicals. In
order to cstimate an acceptable level of exposwre to a
chemical(s), for either human or ecological receptors, an
understanding of the basis for, and the derivation of toxicity
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values (for example, reference doses, reference concentrations,
slope factors, sediment quality criteria) and how these valoes
should be applied to different exposure scenarios is necessary.
This section describes how toxicity is assessed using laboratory
animal experiments and epidemiologic data, how those data are
used to derive toxicity values used for risk assessment, and
how simultancous exposures to multiple chemicals (that is,
mixtures) are assessed.

X2.4.1.% Toxicity Assessment Process—Dose-response data
(either from amimal or cpidemiological studies) are typically
used to identify levels above and below which adverse effects
are observed as well as the magnitude of these effects.
Observed adverse effects may include whole body effects (for
example, weight loss), effects on specific body organs (for
example, central nervous system), teratogenic effects (that is,
birth defects), mutagenic effects (that is, alters genetic mate-
rial} and carcinogenic effects (that is, produces malignant
tumors). The assessment process involves cither defining a
toxicity value that represents an exposure level below which
effects are not expected (as is done for most non-cancer effects)
or a value that represents the relationship between dose and
response for environmental exposure levels (as is done for
most carcinogens.)

X2.4.2 Non-Cancer Effects:

X2.4.2.1 Chemicals are generally believed to elicit non-
cancer effects via threshold mechanisms. Therefore, for most
chemicals, toxicologists have defined levels of exposure that
will not result in any adverse effects in exposed individuals or
ecological receptors. Scientific methods for determining the
fevel of exposure that will not result in adverse non-cancer
effects in exposcd populations are briefly outlined below.

X2.42.2 Most estimates of an acceptable dose for humans
are based on animal studies. In rare instances, well defined
human epidemiological information is available on a chemical.
Animal or human data are used in establishing a Reference
Dose (BRfD) or Reference Concentration (RfC) - (see Table
X2.4). The extrapolation of animal bioassay results when
predicting human risk involves a number of assumptions
regarding cffects thresholds. dosing/exposure duration
differences, interspecies and intraspecies extrapolation, high-
to low-dose extrapolation. and route-to-route extrapolation.
When calculating toxicological criteria for non-cancer effects,
generally uncertainty factors (see Table X2.4) of ten, are
applied to either the No-Observed-Adverse-Effect-Level (NO-
AEL) or Lowest-Observed-Adverse-Effect-Level (LOAEL) in
amimal or ¢pidemiologic studies to account for uncerfaintics in
predicting a NOAEL for humans. The toxicity values derived
by applying uncertainty and modifying factors to NOAELSs and
LOAELs are termed RfDs and RECs, for oral and inhalation
exposures, respectively. The application of uncertainty factors
(for example, 10 for interspecies, 10 for intraspecies, 5-10 for
subchronic to lifetime, etc.) results in estimates that are more
fikely to overestimate than underestimate risks. The uncertain-
ties in estimating acceptable levels of exposure at any site,
based on RfDIs/RfCs should be clearly communicated in cach
assessment

X2.4.2.3 Toxicity stadics used for deriving toxicological
criteria can generally be broken into five categories based on
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TABLE X2.4 Delinitions of imporiant Toxicological Characteristics

NOAEL (No-observed-adverse-effect level): An exposure level at which there are no statistically or biologically significant increases in the
fraquency or severity of adverse effacts between the exposed population and its appropriate control; some effects may be produced at this
lavel, but they are not considered as advarse, not precursors to adverse effacts. In an experiment with several NOAELs, the regulatory focus is
primarily on the highest one, leading to the commaon usage of the term NOAEL as the highest exposure without adverse effects,

LOAEL (Lowest-observed-adverse-effect level): The lowest exposure level at which there are statistically or biclogically significant increases in
the frequency or severity of adverse effects between the exposed population and its appropriate controf group.

Uncertainty factor: One of several, generally 10-fold factors, used in operationally deriving the Reference Dose (RID) or Reference
Concenirgtion (RfC) from experimental data. Ufs are intended to account for (1) the variation in sensitivity among the members of the human
nopulation; {2) the uncertainty in extrapolating animal data to the case of humans; (3} the uncertainty in extrapolating from data obtained in a
study that is of less-than-lifetime exposure; and, (4) the unceriainty in using LOAEL data rather than NOAEL data.

Modifying Factor: An additional uncertainty factor that is greater than zerc and less than or equal 1o 10. The magnitude of the MF depends on
the professional assessment of scientific uncertainties of the study not treated by uncertainty factors; such as, the completeness of the overall
data base and the number of species tested. The default value of the MF is one.

Reference Dose: A reference dose is an estimate {with an uncertainty typically spanning perhaps an order of magnitude) of a daily exposure
{myg/kg/day} to the general human population (including sensitive subgroups) that is likely 1o be without an appreciable risk of deleterious
effects during a lifetime of exposure.

Reference Concentration: A reference concentration is an estimate (with an uncertainty spanning perhaps an order of magnitude)} of a
cortinuous exposure to the human population {including sensitive subgroups) that is likely 1o be without appreciable deleterious effects during a
lifetime.

Slope Factor: The slope of the dose-response curve in the low-dose region. When low-dose linearity cannot be assumed, the slope factor is
the slope of the straight line from zero dose to the dose at 1% excess risk. An upper bound on this slope is usually used instead of the slope
itseif. The units of the slope factor are usually exprassed as {(my/kg/day)™'.

Drinking Waler MCLs & MCLGs: Maximum Contaminant Levels (MCLs) are drinking water standards establiched by the EPA that are protective
of human heaith. However, these standards take into account the technological capability of attaining these standards. The EPA has, therefore,
also established MCL goals (MCLGs) which are based only an the protection of human health. The MCL standards are often used as clean-up
criteria.

Drinking Water Health Advisories: The Office of Drinking Water provides healih advisories (HAs) as technical guidance for the protection of
human health. They are not enforceable federal standards. HAs are the concentration of a substance in drinking water estimated to have
negligible deleterious effects in humans, when ingested for specific time periods.

Water Quality Criteria: These criteria are not rules and they do not have regulatory impact. Hather, these criteria present scientific data and
guidance of the environmental effects of poliutants which can be useiul to derive regulatory requiremenis based on considerations of waler

quality impacts.

the frequency and duration of exposuse to the risk agent. These
studies can be described as follows:

X2.4.2.4 Acute studies typically use one exposure or mul-
tiple exposures over a short duration (24 h). Symptoms are
usually observed within a short time after dosing. Acute studies
are generally designed to measure frank effects such as
neurological damage or death, and are often used to define dose
ranges for use in studies of longer duration. The level of
cxposure necessary to elicit acute effects is generally much
targer than that required to clicit effects after repeated expo-
sures. Acute studies are not generally used for estimating
acceptable levels of longer-term exposure.

X2.42.5 Subchronic studies use multiple or continuous
exposures over an extended period (three months i3 the usual
time frame in rodent studies) generally defined as 10 % or less
of an animals lifetime, Subchronic exposures in humans are
generally viewed as encompassing seven years or less. Sub-
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chronic studies may be designed to assess a particular toxico-
fogical endpoint (for example, neurologic effects), but are most
often comprehensive n their design. Subchronic studies are
suitable for use in determining acceptable levels of subchronic
and/or chronic exposure for non-cancer effects.

X2.42.6 Chronic studies use multiple exposures over an
extended period of time, usually a significant fraction of the
animal’s hifetime (typically two years for rodents). Chronic
studies generally involve numerous physical observations dur-
ing the dosing period and a complete toxicological/
pathological cvaluation after dosing has been concluded.
Chronic studies in rodents often cvaluate both cancer and
non-cancer endpoints, and are preferred for use in establishing
chronic RfDs/RECs,

X2.4.2.7 Reproductive and developmental studies examine
adverse effects on fertility and fetal development. Exposures in
developmental toxicity studies are generally lumited to a
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specific timeframe such as the period of fetal organ develop-
ment, Observed effects are often himited by study design and
include observations such as sperm motility.

X2.42.8 Multi-generation studies use multiple or continu-
ous exposures over fwo of more generations. Observed effects
are usually limited to reproductive and/or teratogenic effects in
the offspring and gross and pathological changes in the adults.

X2.42.9 Derivation of Toxicity Values and Criteria—Data
from the above studies are used to generate Reference Doses
(RfDs), Reference Concentrations (RfCs), slope factors (8Fs),
and arc also used in generating Drinking Water Maximmum
Contaminant Levels (MCLs) and Goals (MCLGs), Health
Advisories (HAs) and Water Quality Criteria. See Table X2.4
for definitions of these bmportant criteria.

X243 Cancer Effects— Agents may elicit carcinogenic
effects through either threshold or non-threshold mechanisms.
However, defining the carcinogenic threshold for agents that
exert their carcinogenic cffects via non-genotoxic/threshold
mechanisms has proven much more difficult than defining the
threshold for non-carcinogenic effects. Due to that difficulty,
U.S. regulatory agencies generally assume that carcinogens act
via non-threshold mechanisms and that any level of exposure
to a carcinogen, no matter how small, presents some risk of
developing cancer. International regulatory agencies (for
example, WHO). however, apply safety factors similar to those
used in the U.S. for non-cancer effects when establishing
acceptable levels of exposure to carcinogenic agents. The U5,
Envirommental Protection Agency calculates Slope factors that
are used to calculate upper-bound numerical estimates of
carcinogenic risk. Because of the uncertainty regarding the
ability of risk agents to produce incremental carcinogenic
effects in humans, USEPA has also developed weight-of-
evidence criteria for carcinogenicity (see Table X2.5). The
weight-of-evidence criteria are used to aid in risk management
decisions, by defining the confidence scientists have in the
ability of the slope factor to predict human risk or the
confidence scientist have that the agent is not carcinogenic
under a defined set of circumstances. USEFPA Is revising their
scheme for categorizing carcinogens and estimating their

TABLE X2.5 Weight of Evidence Criteria for Carcinogens

Calegory  Criterion

A Human carcincgen, with sufficient evidence from epidemiclogical
studies.

B1 Probable human carcinogen, with limited evidence from
epidemiological studies.

B2 Propable human carcinogen, with sufficient evidence from animal
studies and inadequate evidence or no data from epidemiclogical
studies.

C Possible human carcinogen, with limited evidence from animal
studies in the absence of human data.

D Not classiflable as to human carcinogenicity, owing to inadequate
numan and animal evidence.

E Evidence of noncarcinogenicily for humans, with no evidence of

carcinogenicity in at least two adeguate animal tests in different
species, or in both adeguate animal and epidemictogical studies.
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carcinogenic risk to better reflect chemical-specific differences
in scientific knowledge.

X2.4.4 Integrated Risk Information Systern (IRIS) is gener-
ally considered the primary source for RID, RfC, and SF
values, see Ref (8),

X2.4.5 Health Effects Assessment Summary Tables
(HEAST) reference a larger database than IRIS. HEAST is
often used as a secondary source of health effects information
when toxicity criteria are not available in IRIS. Whereas the
information in IRIS has been subject to at least Agency-wide
verification, the information in the HEAST tables has not.
Thus, extra care should be cxercised in using the values in
HEAST as they are solely reflective of the opinions of a limited
number of EPA scientists, Furthermore, the toxicity ¢riteria
listed in HEAST are not updated on any regular basis. The user
is expected to consult the original U.S. EPA assessment
documents and recent scientific studics to determine the
strengths and Himitations of the data in HEAST, see Ref (9).

X2.4.6 If roxicity criteria (that is, RfDs, RfCs, and 5Fs) are
not available, or are inappropriately listed in IRIS, HEAST, or
State approved databases, a toxicologist should be consulted
for appropriate values for use in the assessment. If project
toxicologists with experience in the derivation of toxicity
criteria are not available, toxicologists at the EPA"s National
Center for Exposure Assessment (NCEA) in Cincinnati are
often able to supply appropriate criteria for site-specific use.
The derivation basis for toxicity criteria obtained from sources
other than IRIS or HEAST should be documented in greater
detail.

X2.5 Chemicals of Concern (COCs) for Risk Assessments.

X2.5.1 Selecrion and Evaluarion of COCs—It is often not
necessary o assess in detail the potential human health or
environmental risk associated with every site-related com-
pound present in an environmental refease. For this reason, risk
management decisions are gencrally based on the assessment
of the potential impacts from a selected group of indicator
compounds or chemicals of concern (COC). It is inherently
assumed in this approach that the chemicals of interest con-
tribute the vast majority of the total potential impact from all
chemicals present in the affected media. The chemicals of
interest are selected based primarily on comsideration of
potential exposure routes, concentrations, toxicological prop-
ertics and mobility in the affected media. In the Tier 1
evaluation, toxicological information, such as presented above,
18 used to develop Risk-Based Screening Levels (RBSL). If
further Tiers of evaluation are necessary based on the results of
the Tier 1 analysis, only those chemicals that were detected at
concentrations above the Tier 1 values are evaluated further.
Those chemicals that are evaluated in the RBCA process are
termed chemicals of concern (COCs). In Tiers 2 and 3 more
detailed evaluation of the toxicological criteria and physico-
chemical data is performed. In Tiers 2 and 3 of any site
evaluation, potential additive and synergistic effects of COCs
may be evaluated.

X2.5.2 How Toxicity Is Assessed: Individual Chemicals
Versus Mixiures—The toxicity of an individual chemical is
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typicatly established based on dose-response studies which
cstimate the relationship between different dose fevels and the
magnitude of their adverse cffects (that is, toxicity). When
evaluating exposures to multiple chemicals, preference is given
to data on actual mixtures, For example, often a single toxicity
factor is used when evaluating exposures to PCBs. However,
when data on mixtures is not available, a relative toxicity
approach i3 sometimes used within chemical classes. The
relfative toxicity approach is most applicable when the toxicity
of individual congeners is structure-dependent. For example, as
discussed above, the cancer potencies of certain PAHS relative
to the most studied compound of this class, benzo[alpyrene, arg
presently approximated using an “estimated order of potential
potency” approach. Interim relative potencies that are sug-
gested for use by U.S. EPA Ref (18) for seven carcinogenic
PAHs are shown in Table X2.6. Also, when calculating a
Hazard Index to evaluate the potential for additive non-

TABLE X2.86 Cancer Polencies of Seven PAHs Relative io

Benzofalpyrene”
Compound Relative Cancer Potency
loyrene 1.0
racene 0.1
Benzo[pifiucranthene 0.1
Benzo[klflucranthene 0.01
Chrysene 0.001
Dibenzola,hlanihracens 1.0
indeno[1,2,3-cdipyrene 0.1

“ interim values provided as temporary guidance for risk evaluation of PAHs in
Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic
Hydrocarbons {10},

E2081 - 00 (2015)

carcinogenic ¢ffects, only hazard quotients for chermicals
effecting the same target organ and mechanism of action
should be summed.

X2.52.1 Generally, the risks associated with individual
constituents of a complex mixture are assumed to be additive,
and carcinogenic and noncarcinogenic risks are determined
separately (for noncarcinogenic endpoints it is only appropriate
to sum hazard guotients of compounds with similar toxicologi-
cal endpoints and mechanisms of action). Lack of sufficient
toxicological information is often an impediment to this
procedure. When toxicological information is unavailable from
a published database, health scientists may be utilized to derive
values appropriate for use in the risk assessment,

X2.5.3 Use of TPH or TOC Measurements in Risk
Assessments—Various chemmical analysis methods commonly
referred to as “Total Petroleum Hydrocarbons” (TPH) or “Total
Organic Content” (TOC) are often used during an intal site
assessments to focus future investigations toward particalar
compounds and/or media. These methods usnally determine
the total amount of hydrocarbons present as a single number,
and give no information on the types of hydrocarbong present.
Such TPH or TOC methods may be useful in screening
assessments where the whole product toxicity approach is
appropriate to determine the need for further sampling. In
general, these measurements should not be used for risk
assessments, because the general measure of TPH or TOC
provides insufficient information about the amounts of indi-
vidual compounds present to accurately characterize potential
risk. More information on petroleum hydrocarbons 1s available
from the Total Petroleumn Hydrocarbon Working Group
(TPHWG) effort. Refs (11-14).

X3 DEVELOPMENT OF EXAMPLE RISK-BASED SCREENING LEVELS (RBSLs)

X3.1 Introduction -

X3.1.1 This appendix contains the equations and parameters
used to develop example RBSLs (Table X3.1). This appendix
was prepared solely for the purpose of presenting example
calculations for RBSLs. These values should not be viewed, or
misused, as proposed remediation “standards”. The reader
should note that the example is for an adult male, not all
possible pathways have bheen considered, and a number of
assumptions concerning cxposure scenarios and parameter
values have been made. In developing RBSLs, evaluate all
assumptions for appropriateness. The selected chemicals in this
appendix should not be viewed as an inclusive or exclusive kst
for purpose of site investigation.

X3.1.2 The approaches used to calculate example RBSLs
appearing in this appendix are briefly discussed as follows for
exposure to vapors, ground water, surficial soils, and subsur-
face soils by means of the following representative pathways:

X3.1.2.1 Direct inhalation of vapors,

X3.1.2.2 Ingestion of ground water,

X3.1.2.3 Inhalation of outdoor vapors originating from
dissplved chemicals in ground water,
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X3.1.2.4 Ihalation of indoor vapors originating from dis-
solved chemicals in ground water,

X3.1.2.5 Ingestion of surficial soil, inhalation of outdoor
vapors and particulates emanating from sarficial soils, and
dermal absorption resulting from surficial soil contact with
skin,

X3.1.2.6 Inhalation of outdoor vapors originating from
chemicals in subsurface soils,

X3.1.2.77 Inhalation of indoor vapors onginating from
chemuicals in subsurface soils,

X3.1.2.8 Ingestion of ground water impacted by agueous
teaching of dissolved chemicals from unsaturated soils,

X3.1.29 Migration of a free-phase liquid in unsaturated
soil, and

X3.1.2.10 Migration of a free-phase liguid plume in satu-
rated soil.

X3.1.3 For the pathways considered, approaches used in
this appendix are consistent with guidelines contained in Ref.

(21

¥3.1.4 The development presented as follows focuses only
on human-health RBSLs for chronic (Jong-term) exposures.
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a4l

TABLE X3.1 Chemical-Specific Parameters amnd Risk-Based Screening Level Concentrations (See Refs. 2, 15-28)
Nore 1—Reference Note A: Estimated from Kow given in USEPA (1994) (158) and a Kow to Koc regression equation from USEPA (1996) (18).
Note 2---Reference Note B: Vapor pressure estimated from aqueous solubility limit and Henry’s law coefficient.
Mot 3—Reference R-t0-R: An exposure route to exposure route extrapolation of available IRIS or HEAST data, consistent with USEPA (1996) (16).

Notg 4--Reference FR: United States Federal Register.

CASEN 71433 fransport and thermodynamic parameters {referances]
Fane benrens MY ZBIEHDL  {grmok) HSEPA1996)
CsHy . D 8.80E-02 {omPrsocy LISERA{ 1996}
Risk-Based Screening-Level Concentrations'™ Dot 980806 {omissen) LSERAL 1906)
risk of Kee LFFEDD  fogiili-wabrkgoo) USEPA{1998)
bavard  soenario Kies 2435+00  aginil-estke) LIGEPA{1296)
criterla;  residertial freduastriad H 555503 {atmemdimol) HISEPAL1996)
amibient vapar inhafation H 231E-QL  {Lweatsloainy {calculated)
BBSLy: THQ A M £, B840 {own Mg} LISERAL 1904}
{ugay TRy 2848401 493544 5 L73E+03 {mgl) USERA{ 1926}
T®, 294601 4493801 K, g 1 pwte oot
enciosed space vapor inhalation ¥y fou 10 moksirale}
RBSLy: THQ 3 s ju BIFTE-GL {g/miy LISERA] 1995}
{ug/m®y TRy 382F+01 4.93E+01 Tetp B0IE+01 (o) USEPAL 1964}
TR 39201 493801 Teop SS0E+D0 {20 CRO(1996)
grounchater ingestion oRieity parameters
RBSLge THQ MA MNA RED, {rripk-dav
{ma/ly TRy 2995-01  9.87E-01 RIC; (g
TR, 2948-03  QRVE-03 SFy 2H0E-UL  1mgthy-day) RIS {1994)
MO 5.005~03 5.00E-03% S 2O0E-02  1{markg-diyd HEAST (07793}
sl feaching to groundwater ingestion WaolE A RIS (1994)
RESL,  THOD i Bif MCL 50003 {mglowat) 52 FR 25680
{raadigy TRy 9.60E-01 3226400 RAF, L.G0E+00
TR, 960603 3.228-02 RAF, 500808
ML 1 GRE-03 1L63E-03 derived parameters dependent on
groundwatar 1o amblent vapor inhalation chemical properties and soil parameders
RBSLge THQ A, N UF 1008400 qunitiess)
{mgsly TRy BN SE &.378+02 Hagr 231801 (Lvatoloainy
TR, 3FELO0 S37E+00 Consnp  SOPESOB fuavm®ar)
graundweater i enclosed space vapor inhalation Kswe H85E-01  {Lewatvkg-soily
RESLgy THO 878 7Y Coatsant L2ZE403  (mgfgsoll) fhased on 8]
(mga} TRy JAZEHOD  PE6E+D0 Comson LIZZEHO3  grogrigesoll) {based on P
TRy 2AIE-2 766802 T GETE~03  {cmissect
subsurface soll volatilization to amblent ale LOGE-05  (emdiset)
RESL,  THOQ M4 iy 10IE-03 {om¥isecs
{mgrka) TRy 1.29E+01 LA8E+01 Dost e G8TESQ3  {emisser)
TR L.29E~01 ) 215E-01 equilibrium soil partitioning
subsurfare sofl volatilization to encosed space 4
RBSL,  THQ B 3 B : i 3 WRgOr
{maska) TRy FOIE-D1  ZADEL0D B o8 \\\\\\\\\\ g wiaer
T, 763603 2.408-02 2 06 - scbed
residusl phase mobility limit E 04
RBEL;  unsat, D.05E4+03 BO5E+03 3
{mg/kg) sat. 9248403 9.4E+03 £ 02
surficial solf exposurg & o)
RESLe; THO HA hA E 5w % e om o
{maskg) TRy 4706482 TFEEHDR = @
TH, 4FVEHO0 T IBESOD 8,/ By
surficial soif exposurs apportionment!
(% THOD " e
{dv-p) TRy 08-63-28-00 03623300 0 jwwe— pew effective soif diffusivity
™, 08-53-28-00  03-52-33-00 e e e o YALEY
derived pararmsters: total B By
5136~05  2.056-05  (g-solifomi-alr) o 8.5 i
LBIE-05  6.44E-D5  {omi-watiomi-al) r3 LR +
& IBE-0F 2508-07  {gesolifamBgin) % $.08-2 &
L.E0E-08  ZISE-08  {g-solcr’-air) X yopes |
LEGE-08  Z26E-08  {gesoilicrd-an = opeb | .
308801 FOE-01 {grsolifomi-eat) Q‘? - /,..M“" .
LIGE-06 RISE-D8  ({g-soillomd-min) g MRS L
FGE-U8 PISE-08  {omPwatsomd-air} & 10E-10 L4
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

{ASRN 56-32-8 transport snd thermodyramic p ters {references)
nams benzof{alpyrens M 2.52840%  {gimole) USEPA{19%6)
Ty Hiyp D L 0 R G USEPA(1995)
Risk-Based Screening-Level Concantrations 4 Dyt SOUE-06  {oemrmer) LBEPB{1996}
fisk oF Ko GIHELD  logiB{l-watrkgoc) LAEPA{19%6}
barard  scenarion Ko 61800 fogiB(l-veatshg) USEPA{1956)
criterie:  resicential  industiial # LIME-85  {abro-mimol) USEPAL 1995)
ambren vapnr innalation H AF0E-05 {Lvatl-airy {raloulnted)
RESLz:  THI S £ P, LIPE~LR  (ram Hg) Bl 195
ey TRy P {LIPE-1) P (L36E-01) $ LEIE-EE {mgal) USEPA{1896)
TH;, 1.17 1REE-03 i g R st mted
enclosed space vapor infialation e A mctedmnie)
RiESLa  THO 44 14 # LB {gimly
fppm® Thy e (L5EE-01} Pe {LBBE-01) Tae {5
Thy 1.58E-Q3 19588113 R {9}
groundhwatar ingestion Eaxdicity patg :
RESLge  THO Pas, £ BTy, {ranyfg-day)
{mdy TRy LAPEAIE S {3R26-05) RFC, {rngme)
TRy LAPE-U5 397605 §Fe 2B 1mglgrday) LS {1904)
ML AOUE-B4 20001 IR FIOEE0 I mkeedayt Ropte-to-Rote
soit leaching to groundwater ingestion Wof € 82 RIS (1)
RESL:  THG 14, MiA MCL ZH08~04 {rgrloveat) BF 3EFIS {1F Jul 923 Elfective Q117494
imgiigy TRy B5 (5628401} &+ {1.698¢02}) LOME+00
TRy 5.BE-0Y 1896400 SAE-
MCL d paramelers dependert on

XX

sreprdwster B ambdent v e propertiss ang soil ¢

RBSLqn THQ NA LOGESD0  {ardtiess}
Mgy TRy Bo (LEIESON) P (2796403 470805 (Lwatl

ZARE-G3  {ugdme-airy

TRy S ELEIEDY) S (2IAEFO1)
groundwater 1o entlosed space vapor inhalation LOZERDS  {hewalhgso)
RBSLaw:  THQ A N LOEE+DL (o fog-sui) Thasad on $1
fmgity TRy Be {3EFELDL) P SARE-01 {modkg-soil o on B}

TR §< {367E-01) ARE0F  {emds

i

<

subrgufare solf volatiization to aaldent o TR {omdieen)
RESL,  THO A N 456603 {eendser)
fgdkgy TRy B (5.85E() P (S50B408) 4903 {omds
TRy Re (5.656+04) Rs {9.50E40% o - P
sibgurtace ot vilalitstion t envloyad soaes equilibriam soil partitioning
RESL:  THG o M F ! e
{maskgl TRy Pe {3.356+05) Pe (LOGE+DG) g o8 [ water
TR Re (335E503) Re{LOBE+D) 2 46 e sorbd
resaduat phase mobility tenig a
RESL:  ungsb 8 N 2 0.4
imgikg) sat 1 M I bE 02
sueioid soil exposune o a
REShes  THQ Y A E "o oa ow om o
(ki TRy 1.30E 01 ILIE0L 4 e o= 8w
Ty LIE-DL ROIE-M 8,/ 8,
surficial soll exposure apportionment =
%) THG - e
{rdoep) TRy S 00-00  38-61-60-00 T Effective soil diffusivity
TR ESAGG0-00 386100460 e o e e RS
derivad parametars: fotad B/ 8y
WFs sn 484813 LAGE-13  {g-soiemi-a 0 0.5 i
W s i 423805 109 . :‘f 1.0+ +
217811 238611 B iopes 4
L, 180808 2455118 g $ 065 |
Yys, b 1,73 AI7E-1 238811 =5
s 2UBE-06 2OBE-05 ob 1O 4
Y 206814 255814 G LOE-1Z b e e,
7.34811 RAE1E E poges 12 ~
P, or either {951, and Bagged o the
2 ipggesthnes, il cardnel, vapor | ; e
3.1.4.1 Inthe case of C()mpﬁunds that have been classified risk = average lifetime compound intake [mg/kg — day} (X3.1)
as carcinogens, the example RBSLs are based on the general
equation: X slope factor [mgfkg — day] ™
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CRERN FAA-4 34 tragspart and the pERTRhRrE M e T
TETE cadmivm MY ; {g/mole} LISEPA{ 1995}
Cd » Dir A {orniann)
Risk-Based Srraening-Level Concentrations Y Dyear Ty (em¥isac
rigk or Ky REIEGE g lBl-wstigrsoi) LISERA( 1995} pH=R.0
hazard  scenarin: Hog oy B v gy
criteriar  residential indstrial H DOHEGE  (aaeonanol) {norvolatibe)
anbiart vapar inhakation H DOOE+DG  {Lowabilagind {catoulated)
RESLy THG NA B R’y GOOES00  (m Hg) {nonvolatile)
{ugm) TRy, B {5ASE-01) P {L2FE-O1) =3 B {mgil) {no Hmit imposed)
TRy P (1358 e {32743} P log 10 mote ke
anclsed spacs vapor inhelation ety fon i rantesmala)
BBSLy: THO Ha BA ] faimL)
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groundwater ingestion toxicity parameters
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TRy MA B Sy LAy he-day
ML 500503 500803 5F BI0EL00 Limgikg-day) RIS {1924)
soit leaching to groundwater ingestion Wl £ Bt ERYS {1994
RBSL,  THQ 360842 1+ 0L MCL SOUE-0% (regdl-wat) 56 FR 3526 (30 Jan 91
{rag/eg) TRy HA NA R&F, 1O0ERG
TR, L2 a2 RAFy DR0E 00
L LOTE+DE 1O1ES02 derived parameters dependent on

groundvaater to amblert vapor inhalation chemivat properties and solf parameters

RBSLyy THO MA A LF POOEC0n  (ueitdess)
{mgs) TRy A Ma Hest QOEB0 (Lowatdlealr)
TR, uh ta Carvap  DD0E+80  (ugsrdai)
groundwater to enclosed space vapor inhalation Keur AME0T {Lwaldhg-solly
BBSLge THOQ Ha BA 5 frgkg-5oi [hased on §1
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subsurface soil volatifization to ambient air HA ; ;
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{rendkgl TRy Ha BA & £3 veaber
TRy MA A %’ £ & sortied
residual phase mobifity imit §
RBSL:  unsab Ha . £
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surficiat solf sxposurs E

RBESLy,  THD 1ESE+02 LOZECE3

{mgkg) TRy LBGET I ADESGTY
TRy 1 SEE+05 12EG5
surficial soif exposure apportionment ¥
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(i-thw-pd TRy SO0 DOI0-00-99 e s e IR
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASEN 75-15-8 sransport and thermadyoamic parameters {referantes]
nare carbon disuifide MY TEIEHDL  (gimob LISEPA{1995)
5 . L LB~ {omdrsech USEPA{ 19963
Risk-Based Screening-Level Concentrations'™ Duar LOOE-05  fomissen) LRERAL1996)
risk of Kee LESEAOD  logittvatkgoo) USEPA{1996)
bavard  soenario K 2.000+00  laginil-estke) USEPA{1996)
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{pg'm® TRy h& N 3 LISEOD  {mgal) USEPA{1996)
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{mgdl} TR, HA& WA G FODE-01  {mgimdy RIS (0801795}
TR A ik SFy 1Ay en-diay)
ML BA, KA SF L{mnskg-dayd
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RBSLy, THQ 5= {2.14E+03) 5 (3.00E+03) UF LODEAO0  {unitiess)
{mgi} TRy M HA Hes 1.26E+00  {Lwatiloain
TR R ik Coit o LE3EH08  fuasmdain)
graundweater i enclosed space vapor inhalation Kswe F2OE~GL {Lewatvkg-soiy
RBShye THQ 1AEE+0 34301 Coatsant BETEHQRE  (mgikgesoil {hased on 5}
{mgrl) TRy 1A H Comepn  BIZE+D2 {based on P
TR, P A Dotvan 813803
subsurface soil volatilization to ambisnd air Doftone  LSUE-D5
RBSL,  THQ 5.44E+0 7208401 Demms 8. 10804 d
{mgkg) TRy E N Dhostre BAE~03  {emivsor}
TH MA RA equilibrium soll partitioning
subsurfece sl volatilization t endlosed space )
RBSL,  THQ 3O5E00 B.O0E+0 § 3 WRgOr
{maskg) TRy MA 1A 2 0.8 g3 e
TR Y N Sgﬁf"%s 2 0.6 s soebied
residusl phase mobility limit
o @ 04
RBSL,  unmat. L2IE04 1L.2IE404 3
{rg/kg) sat. 1316404 1I1E+D4 £ 02
seifictal soil exposiure & 4]
RBSLy;  THO 5825403 LESEHOT &
{raaska} TRy [EE N
TH, & i 8,78y
surficial soif exposurs apportionment!
{%h} THO DSTIAE00  B8-79-R0-00 N o —
{dovep) ;ﬁ QQQQQQ o effective soif diffusivity
s e o WALEY
derived pararmstors: total 8,8y
YFo a0 319804 LIREDT  {gesclliamtain b 6.3 .
WF e #3708 JAE-GE {omPwatiomi-in) e LOESD
W aming 5.FUE-0F B24E-DT  {gesolliopioainy %L oo k
WPt iz LBIE-05 216608 ir} ¥ pgEea |
wsﬁwt')s 2.1{:53"03 :‘-% Lo L
3958011 285801 st 5 px ‘
LAZE-05 LAE-UE  fgsofliomiain) T LOE L
3AIE-0F TAGE-DT  foroteetsomtairy E 1op-10
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASEN LHRERF sransport and thermadyoamic parameters {referantes]
nare chiorobenzene MY 113E+02  (gimob LISEPA{1995)
CaHsCl . L 73DE-02 {omdisech USEPA{ 19963
Risk-Based Screening-Level Concentrations'™ Duar BI0E-05 {omiiser) LRERAL1996)
risk of Kee 234E+00 togibli-watrkgoo) USEPA{1996)
bavard  soenario K 2865400 nglOik-ont kg) USEPA{1996)
criteria:  residential Trechuastriad H JFGE-03 fatmemdmol LISEPA{1995)
amiblent vapar inhafation H L5AE~1 {Lowatiloainy {raloulated)
RESLy: THO 2068403 Z.D2E4DY 2, 1IBEH0L  fnwn Mg} LRERA{ 1994}
{pg'm® TRy 1) A 3 47IE+02 mgl) USEPA{1996)
T8, Mk A 51 g 19 nwtesmole)
enciosed space vapor inhalation ¥y fou 10 moksirale}
RBSLy  THQ LISER0 LERES0 o LILE+OD {grmid USEPA{ 19963
(o) TRy WA A Tetp 1.328403 (o) LISERAL1994)
TR MA MR Toop ~4, 53401 2Q CRC{1996)
grounchater ingestion oRieity parameters
RESLys THQ 730801 ZOIED0 RID, 200802 {mafkardoy) IRES {1994)
{mgsl} TRy %A HA RIC; 20002 {mgimiy HEAST (07/93)
TR NA MA SFq 1A mgtn-dan
B 100801 100801 SF Lrmaskg-dayt
sl feaching to groundwater ingestion WaolE D RIS (1984)
RSk, THQ 7 HREH00 219803 MCL LO0E-01  {rag/lowath 56 FR 3525 {30 Jan 913
{mgrka) TRy A NA RAF, 1.00E+Q0
TRy Pedy 1 RafFy 5.00E-01
ML LOTED0 LOTESDG derivedt parsmeters dependent on
groundwatar 1o amblent vapor inhalation chemical properties and soil parameders
RBSLy, THQ FO3E40T  Ge (5EIEHG2) UF 100800 (uniiess)
{mgi} TRy 1) T3 Has 154801 (Lowest/Lginy
TR NA A Coit o F2TERDT (pesndain)
graundweater i enclosed space vapor inhalation Kswe 2ISEGD {Lewatvkg-soiy
RBShye THQ FELELD0 30600 Coatsant LOREHDS (mgig-soll {hased on 5}
{mgsl) TRy BA NA Comuon 1.088+03 {based on B,]
TR 2] 0 Do ons BT0E-03
subsurface soll volatifization to amblent air Dottcun 204505 {en
RBSL,  THQ 5 AIE0} FEOE+H] Demms LOIE-03 d
{mgkg) TRy 84 N Dhotronn S70E-03 {omiiser
TH N& & equilibrium soll partitioning
subsurfece sl volatilization t endlosed space )
RBSL,  THQ TIE+B0 BASE+DD § 3 WRgOr
{maskg) TRy A Ty 5038 g3 e
TR NA& M& g‘ .6 & oehed
residusl phase mobility limit
@ 04
RBSL,  unmat. 130404 1108484 g
{rg/kg) sat. 1A0E+04 1306404 £ 02
seifictal soil exposiure & 4]
RBSLy;  THO £508 +02 HIOEL02 &
{raaska} TRy 2 A
TR RA Nk 8,8y
surficial soif exposurs apportionment!
{%h} THO 04-36-58-08 02336400 et it diffusivi
{dv-p) ;{2 QQQQQQ p» effective soif diffusivity
s e o WALEY
derived pararmstors: total 8,8y
YFo a0 864606 BABE-G6  {grsollemtair) o 6.5 i
WF e LR 3968-08  {omtwation-aln) "3 ppE-1 b
Yy it %.38E-05 103507 {gsoibioreiair) % s
WPt ot 2 1 80608 26608 (gesoiliomiain ¥
LAGE-08 LIGE-08  {uscibiomainy X LEE-S M\
932603 93303 ¢ @? ’-"?EM? 1 WW :
BBRE-07 384807 {gsoilieny LRRSLACE Ly
519506 BAGE-08  {embwaticrmial) E ropeay LL

} gt ¢
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CAGRN $5-57-5
NAMme chiorophenal, 2-
T ULO
Risk-Based Scresning-Level Concantrations!!
risk o
hazard  scenario
criteria:  residential industrial
ambient vapor inhatation
RBSLy THQ 1826+ 258501
{ugsm®y TRy HES EY
TRy & 13
enclosed space vapor infialation
RBSLe THQ ALY 2568401
{ugdry TRy, 7Y NA
TRy & KA
groundwater ingestion
RBSLe, THQ 183801 51301
mgdl) TRy M, A,
TRy N 84
MCL HA A
sof iaching 1o groundwater ingastion
RESL, THOQ 3A8E+0 LIAEHON
{mackgy TRy A HA
TRy A A
MCL Ha R
groundwatar 1o amblent vapor inhialation
RBSL,. THOQ LBHEH3 1EPEH03
{ma'ly TRy A HA
TRy A A

groundwater & enclosed space vapor inhalation

RBSLgs THO 2B+ 5.598+01
fmasty TRy B B
TRy Ha RN
subsurface soif valatifization to amblent air
BBSL,  THO 1.39E+03 167503
fmgskg) TRy MA A
TE; A R
subisurface soif volatifization to endosed space
RBSL, THD POBELDT 1858442
{mg/kg) TR HA 4
TR H& LY
resichial phase mobility fimit
BBSL,  unsat. 1.O0E+08 LONE0S
fmegskg) sat. 1LRSESGS LOSES

surficial soll exposure

RBSLe  THQ 2902 4088 +402
{makg) TRy A LY
TRy Ha A

surficial soif sxposure apportonment'™™

fg-soiird-ain)
{g-soilomd-gir}
Spsolliomamt)

fg-soiliome-ale)
{odasatiom-ain)

transpart and thermodynamic parameters {refererces}
ity 1298402 {gmole) USEPR1996)
Dir SOEE-02  (omdieec) LBERA(1996)
Dhovat GA6E-06  {ormtisec) LISERAT 1995}
Kies 2608400 USEPA{1996)
Ko 256408 LUBERA( 1995}
H 391E-04  {atmemiimed USEPA{1996)
H LAE-GE  (Lowab/loair {ealculatad}
B, TANEF0 (o Hg) LISERPA{1994)
5 2208404 USEPAL1996)
s BAELH USERA{1995)
56N byt madedmnie)

o L2BEGE (ol LISEPA{1996)
T LGRSO (0 LISERA{ 19494}
Torgs SEOEH0D (o0} CRC(1996)
tedcity parameters

Dy SOE-03  frogihg-day) RIS (1994)
REC LIRE-G2  {mg Rout-to-Route
SFy e

8F; Limgrkg-day)

WolE

ML {rogelowath

RAR, 1808 +G0

RAF; 5,008~

derived parameters dependent on
chemical properties and soif paramalers

1JF BIRE-0T funithess)
Mo 1E9E~GZ  {Lwat/loair)
Cotoon  DEEHE  (upimieaie)
Ko 4058400
[ BEERS fhased on 5]
st ot eyt e [hased on B
Dupas FILEE3
Rottesn L2204
Digtres 2RE-OR {oedisec)
Dateene 3HIE-03  femiveen)
equilibrium soll partitioning
- 1
ki o3
OH 2 0.8 g water
g 3.6 & sorbed
“ 2 04
2
& 0.2
g ¢
[T T S S
Lo X fom o
8,9
pon effective soil diffusivity
oo x o Qi
o e e e ET
0 8,/8,
il a5 i
"cg 1881 L
vy
nt!
2
%‘
T
Fosed)

{%:} TH BE-HI- 200 03633200
{-d=e-p) THy:

TR
derived parameters:
Wy sp 3ASE-(7 138507
WP, 50 114506 457607
WP amn 18VE-G8 LOSE-08
VF&L:«,&:‘RE),,Z 180808 2A6E-0%
Wes st sing 1,12 190608 2EBEOR
L 525800 5258002
WFs amie 153808 153608
Y o 1.36E-0% 13BE-08

. s rﬁﬁéﬁ?ﬂﬂlm ;i?‘ib"s%(..m Bl of $I0us

it 9 For g where: this s

P i 3 oo of rgestion, de

ch, il Begoed f the

satton v
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASEN 53253 transport and thermedynamic parames I o5}
name DU {3.4ddt) MW SAHERR {gimole) LUSERA 1995}
CoaHa Ty Dgse LIVE-02 {omdisert USEPA{ 1996}
Fisk-Based Scresning-tavel Concentrations'™ Dot 405806 {om¥sec) LISEPA{ 1596}
Fisk o Kae EAREF it idiwatyhg-or) LSERA{1996)
hazard  scenaris Ky G53E400  logii{i-vetikg) USEPA{ 1996}
criveria; residential industrial i RIGE-06  {atrn-mdimol) LISERA( 15956}
ambient vapor inbalkation H 33704 {brwatdleain) {catoutated)
RBSLy, THD LAE+DD 2,56E+00 Py L5007 {owv He) USEPA{ 1904}
{ug/m¥) TRy DEWSE P {21500 5 2HE-T Jmasth LISERA{ 1995}
T8 LEOE-0Z L vt s i bO{malesmole)
anclosed spaoe vapor inhalation Py ingHi{molesmole}
RESLy THOD 2A3EL00 2566400 P LIBEHR  fgiral) LSERAL 1894}
{p/mdy TRy P {3 MEA09) P {(4218300 Tovp LEUE402 {0 USEPA{1994)
TR 334882 42AER Tiop LOBEADE {90} CRETTS96)
groundwater ingestion toxicity parameters
RESLy, THO LB2E-E2  Sa{5.13E~00) RED,, BOOE-04  {mgihg-day) RIS {1994)
{mgily TRy G (2508001 S (AI2E~0) BEC LISE-I3 {egrm®) Route-to-Roste
TH, 250804 42610 SF, JA0E-0L  1iimadh-day) RIS (1994
MCL MR NA 5F IAE-0L W{mygigeday) HEART (07593}
soif leaching to groundwatsr ingestion W oof B B2 IRIS {1994}
ESl.  THQ 23 20T S {62000 MCE {ragdl-wat)
{rghg) TRy S {3 0E403) S (L0404 RAF, 1008400
TR, BRSS! 104E+0 RAF S.00E-112
ML 279 A derived parametsrs dependent on
groundwater to amblent vapor inhalation chermicsl properties and soil parameters
RSl THQ S {139E404) S (195004} LIF LODES00  {unithess)
{mgy TRy S (LYIES0)  Pe{3. 218404} st JAPE-04  {Lwatiealn)
TR, S {LBIERD)  S<{L2BEH0 Crassap ZEHELD  fugemBeair)
groundwater to enciosed space vapor inhalation K : (Lt kg-soil)
RBSLy, THO S< {3A2B+02)  S< {RIBE402) Coatn HENE RN fhased on 5}
(ol TRy P (F28E202)  Po{1 356405} Cag s {rg syl [based on B}
TH S (4206400 S< {L35B401) {emiiser)
subsurface sof volatilization o ambilent air fem¥igen)
/ESL,  THO 55 (1036408} 85 {1.72E408) {RRRsse)
{rgka) TRy RS (LEYEAGE) P {204E408) {eendisec)
e Rs (160E06)  Rs (24E 16} equilibrivm soi} partitioning
subsurface soil volatilization to enclosed space
REBSL,  THO 5 (R 30B408) s {1 008407) E T3 Yapoy
{mgkgl THy; P {(LOBESO7Y Pe {LISEHO73 ,S e
TR, B3 {1.O0B+Q5) Ry {306E+05) g @ sorhed
residuat phase mobility limit ]
RBSL,  unsat, MA N Q . Q ol ;,g
{mupfhg) sat. A N& i 4
surficial solf exposurs CCEE g\
RE5Ls:  THO 2036402 3056402
{mgskg) TRy 2IGEATL 630082
TR, 278E+00 6.508+80 8,8,
surficial soff exposure apportionment™®
{95} THO 55-44-08-00  3BGL-00-00
{id-v-p) TRy S54000-08  3R-E1-00-00 T—— affective soif diffushity
T8 SE-340008  IBE1O000 o e o o T
durived pararneters: e ] 8,/8;
2,335-13 12317 (gesodiomai) 9 0.5 i
2 ROE-0Y JARE-08  fonrewatsomdeairy o LOESD ¥
1.84E~£1 2DME-1E {gsorom-al % 0.
1. 30808 TABE-OR  {gesoldombaic g 4 DEE
» 1R4E~11 LO-RT (grsoiomi-ain) =
s §.09E-95 SOBE-G5  {geoliemiunt) § 10E-9
Vst 148814 LASE-14 [gesoiVemd-air) g% 1LOE-12 4 e Lt
- L3IE~10 L3IE-10  {omiwationain E 1ne-1s Lal e

% 0f
Fir cases where this o
histh 345 1 o i
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CAGRN Hil4 14 tranaprt and thermodynamic Serameiers freforerces]
NAMme ethyihenzena ity LO6E+02  {oymade) USEPR1996)
Ty D FEOE-03  fomdisec LSERA{1995)
Risk-Based Screening-Level Concentrationst Bt FSOE-06  (omdisec) USEPA{1998)
visk or Koz : USEPA{1996)
hazard  stenarie Ko 314E+00 LSERA{1995)
criferia:  residential industrial H FHEE-03  {atmemdimed USEPA{1996)
amblant vapar inhatation H Z2E-01 (Lowab/leaie) {ealculatad}
RBSLy THG 14E03 1 AEE03 B, SEIEHO0 ooy Hgd Mot 19953
{pgsm®y TRy A MA 5 1E9ENE  {mod USEPA{1996)
TR, A 84 i foy 100ty
enclosed space vapor infialation i SN g 10 rmalemnie}
RBSLy THQ 1.3%E+03 LARESO3 o SHIE-HL {nil) USEPA( 1996}
{ugdry TRy, NA NA Totp LIGEHI2 100 Mackay{ 19922}
TRy & A, Vi ~$50E+0) L) Mackay{19923}
groundwater ingestion tedcity parameters
RBSLe, THQ 3ESEHDD 1028401 RED LOOE-01  frogdkg-dayy RIS (1964
fmgrty TRy TS piA REC LOGE+DG  {my RIS {1994}
TH; A 84 SFy 1rmasky-dav)
MCL 7.008-{1 FOOE-TH S 1 mgrle-day}
sof iaching 1o groundwater ingastion Wof E o RIS (1994}
RESL,  THO BAEHL LEOE+03 ML FOOE-UL {rogilewa) 56 FR 3526 {30 Jan 513
{mackgy TRy A HA RAF, LOGEOG
TR MA MA RAF; SA0E-0)
MCL 12480 1248501 derived parameters depemdent o
groundwater to ambient vapor inhalation chemical properties and soif paramsters
RBSL,. THOQ G {LATERIY S (L TBEA) UF 10000 {unitless)
{ma'ly TRy A HA Hotr ZZEEADL ({Lawntileai)
Ta, A M Convap 553407 (uuimi-aie)
groundwater & enclosed spaca vapor inhalation Ko LI5ELN0
RBSLgs THO TN S (100D Catsolt 6345402 fhased on 5]
fmasty TRy B B Cost st 5.32E+02 [hased on B
TR Ha 20} Dt 585603
subsurface soif valatiization to ambilent air Dt 143608
BBSL,  THG Re (20485053 Ry (2865403 Byttoes TREADS o)

z,
SBE-03  femiveer)

{mgskg) TRy A A Dt
TE; A R e - T
subsurface soif volatilization o endosed space equitibrium soil partitioning
RBSL, THO 1238402 342 " 1 13 \RGr
{mgkg) TR RS B g 0.8 . 3 wates
TRy A A, E’ 0.5 B sorhed
residiial rhase mobility fimit g 04
RESL,  unsat. £.39E+03 839803 &
{matkg) sat. 84003 BAGEL3 g 02
surficial seil exposure 2 o
RESL,  THOQ TABE+03 LOSE+D
{matkgy TRy & NA
TRy NA KA 8,./8,y
surficial solf sxposure apportionment’®
iy THG EO7PIR00 05-TE-15-00 - —
{i-d-v-p) Ty T effective soil diffusivity
TRy o oo o o AT
derived parameters: B B,/ 8y
Yy anp RE 46016 (gsoiiomt-ai) o @5 i
VF w0 LBOE-0F TIE-0E z | Gl
Wy amtn 1 EONE-0F LISE-07  {gesoiliomain % .
WFgs a2 §.B0E-08 2IBE-08  {graoiiomi-ar) 3 1.OE-3 4
VFos i sin 130609 BIEE-0R  {gsoliomis) XOLEEE \
LPas 5 57E-02 SEVE-D  (gaolioidonat) c? LOE-7 IR
Ve amis 511647 BAIE-07  {gesollsomezie) & LR ,-«*"Wﬂ
W¥qu o 20808 BIOB-08  {owmSewatiomeei) L 1ope L
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASRN 58-85-4 transport wnd thermedynamie perametins {references]
name lindane, (gamma-BHC) Sty LYLES02 USEPA(1996)
CoHa Cly Eair 1402 USERA 19953
Risk-Based Screening-Level Concertrations't Dt FIME-D6  femisenc) UISEPA{1996)
risk or [ ZOIELO0  Joyililowathgac) USERA(1996)
hazard  scenario: o 370 logillawatrky) USERA{1996)
criteria:  residential industriat # LADE-08  fatmemdmol) USERA(1996)
amblant vapor inhalation H SR04 {lewabdoain {calculated)
RBSLae THI LAHE 00 LA Py LOBE-U5  {men Mgt LSEPA{1994)
{pa Y TRy 558~ £ 1QE+00 S BEIELOD ) USEPA{1996)
TR, 555563 130E-02 Ky e dGmutedmole)
entlosed space vapor inhalation Py tog1t{moladmuie)
RS THO 145E00 LS00 g LEPE+D  {gimi) USEPA(1924)
{pm®) TRy #7511 1308400 Totp 3808 {9 LSERA{1994)
TRy, BIE-G3 1. JOE-IK# Tenp LIZELQ2 ) CRO(1996}
groundwater ingestion toxicity parameters
RBSLe, THQ 10962 307E-03 R, 340604 {mgfhg-day) IRTS (1994}
{mgsLy TRy B.958~43 22GE~G2 REC; LASE-D3  {mgemd) Route-to-Route
T 55805 2.205-0% 5F, L2000 1/mgikg-day) HEAST {07/593)
ML RAE~09 LU0~ S L3E+OT 1 {myhg-day) Route-to-Foute
soil leaching 80 groundviater ingeston Waof £ B HEAST {07./93)
RBSL, THQ 556861 §SBE0 MCL 200804 {rgowal) 56 FR 3526 (30 Jan 31)
{migrkg) TRy 33261 LA2E+00 HAE, 1ODE+D
TR 332E-03 LA2E-03 RAF4 S0
ML L O1E-02 L0482 derived parameters dependent on
groundwatar to ambient vapor inhalation chemical properties and soll parameters
RBSLgy THQ S (47T S (RHZELND} LiF LODESOD  {unithss)
{mgsLy TRy B (IS0 S< (L7503} Flog SAE-F {Lewabilegin}
The S« {ZB3E+0L) S (4758+01) Coatwap LRSI {pglarai)
groundwater o enclosed space vapor inhalation Ko LOBE+OL  {Lwat/hg-soil)
BB5Lg, THEE S< {LOBE+02) S (ISEH02) PR Imoskaeso} {based on 53
{mgdly TRy S {6A3E4HY B (LA} T22E400 {rmpthg-soil) {based on B}
TRy, . 33E~EE 199400 £ 18E-13
subsurface soll volatilization to amblant alr 295603
B85Ls  THO B5IL7IES04) B {ZA0E0Y LARE-03
{mgka} TRy B8 {10304} Ry [LI2E+04) Doy EABE-3 {mndieec
TRy Re (LUBE+DR)  Ps (1726023 eguilibrium soil partitioning
subsurface soll volatiization to enclosed space
RESL,  THO Re (1028403 Re {2.67E+03) :rg‘? { o vaRor
{mgkg) TR B5 (G.O8E502) s {LOIE+03) g 0.8 oy vester
TR § + 191E8Y { g 086 | w sorhed
residual phase mobiliy lmit & ] g o4 ]
REGL:  unsat. 25 £33 g
{maskgl sat. B MA ’%, 0.2 4
surficiat soif sxposure i s & G ]
RESL.  THO 1.088+82 LOTESOY i E
{mgskg) TRg 5,458+ 1AZE+DE
TRy 5.A5E-01 1AREH 00 8,./8,
surficial soil exposure apportionment'?)
{%) THOQ 45-358-11-00  32-50-1700
{i-d-v-p} TRg WAEAL00 ISR p— po affective solf diffusivity
TR, 49391100 3250-1700 o v o oo gL
datived paramaters! oo {312 8,6,
Yoo A0 EFSE-10  fgesoiiioad-ain o 0.3 i
Whomesp LIME-OR B52E-08  {rowation-ar) e LOESD
WP sty 3 12AE-0 1L3ZE-19 i LOE-2
Yo a2 LBOE-08 2.36E~08 :‘4“ 1064 4
Vi 1.21E-05 L3TE~09 X 1086 4
L LRPE-E3 LOFE-DY  fgesolliondrat) Q% 1088 [y o
W e 639611 6.359E-11  {mrsailiomair} [ IR RL N ..
WP mmn 232810 IR0 lorntewabiomdeaie) E oee il

L andd Ranged ¥ the

2 {2, 0 o

i et

{3 Parcaet of $
£33 B ok apolizable
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASRN FESEIG transgont and thermodnamic parameten Ireferences]
name merrury {inorganic} by 2HEHR gimnled USERAL 1996)
Hig B 3LE-02 fomireen) LISEPAL1996)
Risk-Based Scresning-Level Concentrationst™ By EI0E-08  {omivsen) USEPA[1998)
rigk or Kg LI0E400  logiflewabdgsoly  USEPA(1996); pH=8.0, Hge2
hazard  soenario: Ko B AL weat b
criteria:  residential industrial H Li4E~02  {atm-m®mol} USEPA{1996)
amblent vapor inhalation H AFAE-0L [Lwalsl-ain {caltulatad)
RBSLyy THO 342801 4 IBE~(HY By 120803 {nws Hg) USERAL1979)
fpasm¥y TRy NA ik § A treyeL} {rs it imnposert)
TR, B, K4 i fogt{malesmoia}
enclosed space vagor inhalation ju fon H0molesmale)
RESLe THQ 4,178-01 430601 4 fgiml)
{pp/md) THy 14 HEY Trtp &0
TRy A feEd Teep o)
groundwaler ingestion roxicity parameters
RBELyy THI FO9E-0F 267812 R, 30UE-T14 HEAST {07793
fmadl TRy A A REC: 2000 9 HEAST {U5/95) Undiy Review
THy s 1, 5Fe imgikarday)
ML 2A0E-3 200803 SF Loy
soff leaching to groundwatar ngestion Wof € o IRIS (05/017%5)
BBSlL;  THQ 1OZEL0) LR ML ROQE-03 {mgilovmat) 56 FR 3526 (30 Jan 91)
smgdke) TRy Y A RAF, 1008440
TR, L Ha FAF, Q00800
MCL 1 9BE K 1085400 derivied parameters dependent on
groundvater to amblent vapor inhatation chrical properties and sofl parametans
RBSLge THQ BHSE+O RSN UF LONE+00  {uritiess)
fmgfl) TRy Y A 3 AT4E-81  (Lewabslaic
TRy HA NA e L3ZE404  {pgimd-ain)
groundvaater 1o enclosed space vapor inhalation B 2006462
RBSLye THQ 02 QIBE-07 Coat o Pas ! {based on 8]
{myd) TRy LS Ha Contamt BSREO0  (mgrig-solly {based on P,]
TRy & i Bttt FAE~D3  fomiite)
subsirface soif volatilization to amblent air 655606 fembioec)
BBSL, THO RSIERQE FF2ELGY ot s IIBE-04  {omisaec)
{emgdda) TRy NA e D FAE-G3  tomieec)
& A A squitibrium soil partitioning
subsurface soff volatilization to enclosed space
RBSL,  THO SATE4DO 857800 % ! o vapor
fmgskg) TR MNA NA g 0.8 gy witer
TR o A @5 e srbed
resichual phase mobiliby fimit E 6.4
RBSL,  unsat tith HA @
Tk sat A A £ 02
surficial solf exposure & O
RBEL,,  THO ZAAEIH 3328401 & oo T s w e
{mapbag) TRy fi HA E
TRy 4 HA 8,/6;
surficial suil exposure apportionment?
{9) THO TLONBE0T  O5-00-94-00 " e —
(-t} Eil' e effective soil diffusivity
L 20ac 200c nosc nsso Y3y
derivad parameters! Eé‘?i‘?f 8,78,
1IEE~07 SAIE-DE  (gesoibornioaiy Y 0.5 1
113808 A51R-05 ot R-gie) 3 areg $
514508 1A5E-0 {g-setornd-giny %:
1.80E-08 218808 {g-soifomairt W HEE
114808 LISE-0 {g-sofdamiean Ry \
106643 LOEE-03 {gestibtmioat) K
5 SUE-06 SEBE-0F  fgesolfrovioin} q 10e-10 e —
K.358-08 B35E-08  (owd-watdem®-giry £ 1op13 L2

1 9agos ¢
vtz ang
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASRN RS2 transport andg thermodynarmic parameiors Treferanoes)
name rathyi ethyl ketone MW FRERHE (govwled Versch. {1998}
CHO D SRBE-02 {omiises) TPHOWG (1997
Risk-Based Soreening-Level Concantrations( Phaet QBEE-D6  {oovirsec) TEHOWE (1997)
rish oF Kae 280801 Ingiiowaligroc) TPHCOWEG (19497
harard  scenario! Kiew LERE-DY logdOflowatdn) Versch.{ 1996}
criteria:  residential industrial H 435005 {atmerdimol) THHOWGE {1897}
ambient vapor inhalation H LEBIE-03  {L-watiegi) {calculated)
RBSLy: THO 1046403 L.4GE03 Py TISESDL (i Hg) Versch. {1996}
{ug/my TRy MA ity s JEREE (L) Versch.{ 1995}
T A A e o LATESDY  logtimolesmole) GRIFESRT)
enclusad space vapor inhalation oyt O{mnie/ mole)
RBSLg THG 1.29E+03 1ABE+013 0001 {gid) Versch.{1995}
{ug/m3y Thy HA & TREELDY () Versch.( 1996}
TR, M A P ~BEAEUT (00} wersch, (19968}
groundwater ingsstion ity parameters
RBSL,, THQ 2198401 B,13E+01 RO, S06E-0F  (mgfkg-day) IRIS {05/01793)
{moA) TRy N A REC LOGEROD  {mgsmd) MEAST (07/83)
TRy, 223 N BFe 1 mgrka-day)
ML MA A 55 1wy e
soff feaching to groundwater ingestion Wl £ B RIS {1994}
RBSL,  THE & 268400 2588401 MCL {mg Lveat)
{mgdke) TRy M st RAF, LIOEH G0
TH. N4 A RAFy 500501
MCL 22 N& derived parameters dependent on
groundwaber to ambdent vapor inhalation chmical properties and soll parameters
RBSLg., THO RYGERUE 5% {4.19E405) ur LOGE+DE  {unitiess)
{mgdl) TRy MNA HA Her BAIE~ER  (Lowabieaic)
T, WA wA Cotup J08E+08  {ugimi-ain)
groundveater to enclosed space vapor inhalation Koo BAGE-G  (Lwathg-soit}
RBSLye THG B.15E403 1.61E+ M Coatysai 3ATEADA (mskgeeoil) frsaged on S
{mgd) TRy Mo & Cam, LEZE+DY  {mgikg-sall) [hased on P
TR, NA HTY Dottt BWE~UE {omiigec)
subsurface soll volatilization to ambignt air Destonp LUGE-3
RBSL,  THG BASE+(3 1. 4EM 04 Dot 585803
(ke TRy M 573 Do B3 (omiiec)
o TR WA BA equilibrium soll partitioning
subsurface aoll wolatiization fo enclosed spacs
RESL, THQ 4BSEAD2  L27E403 % 'y e
{maskg) TRy A A % 08 4 g wakar
TR, A A B g6 & sorbed
residual phase mobility fimit Q 9.4 ]
RBSL,  unsat, 389E+04 3RE04 )'\/ 2
{medky) sat, £.96E+04 9,965+ 04 y
surficial soif exposure & ¢]
RBSL,:  THQ 2565404 L51E404 & 20N F A o e
{mygrkg) TRy Mk s = e s o=
TRy HES A 8,81
surficial soil expesure apportionment'
{%) THG GE-I8-4500 03455100 N ——
(rvpd TG e o effective soil diffusivity
TR, oo oo 2o son \EESY
derbved parameters: tf;éi? 8,/8;
Y s 2EFE~i 115605 i air} g 0.5 1
Wi o RZRE~OT 405808 et o) s
Yhse 540808 SOME-08  fosolfmiain % LB~
W amb 2 1LBOE-08 2A6E-08 ) LOE-3 4
VP, st 2 150508 ZI6E-08 ,:% LR M\%
Loy LISE 230800 o s Y
VFq mie 1 2RE-17 12807 g% LU e "o
£ 1500 157608 & e L2 .
Hotes:

{13 RESE waives R

4oy, ar gther (Re), anvd Hagged ¥ the
et Wi 3 3

e i parerEfeses,
wintion, and pativsiate i

(st
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASEN F509-2
name methyisne chioride
CHEL,
Risk-Based Screening-Level Concentrationst?
risk o
harard  scenaris
criteria:  residential industrial
ambiant vapor inhalation
BBSLy  THQ 33IEH03 3 3EE 13
{uo/my TRy 52288 &94E+02
TR, 5 32E+00 5845400
enclosed space vaper inhalation
RBSLar THEQ S ETESS 4388403
{uadm?) TRy 7 I0E402 BI4E2
i S IR #G4E+00
groundwaler ingestion
RBSLyy THO 2. 15E 0 SL3E400
fmgrly TRy 1 18E+DY 3828400
i £.145-02 383602
MCL 5.008~43 500803
so# leaching to groundwater ingestion
RBSL,  THO RORELOL 5 EIEI
{rmgika) TRy LOBE+00 LEIEH00
TRy 108802 36302
MCL 475503 75603

transpaet and thermodynarmic |

1 8,496 +01
B LOLE-01
B 1A7E-05
Koo 1OPE 0
Ko 1258400
H 29803
H G33E~-02
P, 4,348+02
" 1.30E+04
P

PRy

8 133800
T 39HE+0E
Tow ~9 515+
toxicity parameters
REDy, &0
REC: 3008400
§F, E0E-03
5K 1.50E~-03
Wof £ 82
ML 500803
RAF; 10
RAFg S.O0E-01

{g/mdie}
fomiinen)
{ondises

gt Lowatrka-ond
ton O Lwat by}
bl
{ Lot Ll
{roww Hggd
{rmgL}
logid{maiamule)
fog T modemole)
{aeml}

©0)

{0y

{ondkg-dy
)

1 mgskg-day)

{raghowiat}

darivied parameters dependent on

groundwater to ambient vapor inhakation
RBSLg, THQ 5S¢ (BRIEAM) S« {8 12008}

chernical propertes and soif parameters

UE LOUE+GD
ey G-

{mg/L) TRy 876403 5= {1L66E04)
TRy, AETEDL 1EBEA(2
groundwater 1o enclosed space vapor inhalation
RBSLye THQ SETEVDL 1208403
{mgdl) TRy 7786401 2AEESDE
THy, FABE~DY 2ABE400

subsurface solf volatllization to amblent air

RBSL;  THG 2.B0E+02 1228403
imaskg) TRy LIGE+R 2538402
TR LSRR TEIE

subsurface soif volatilization to enclosed space

RBSL, THQ 522540 LATESR

{mgikg) TRy SHBE+0D 2808401
TRy 8.B8E-02 280801

resicial phase mobiliby it

BBSL,  unsat. 1ASE+H04 1 ARE 4

{mgdkn) sat LAIEH 1.628+04

surficial soif exposure

RBALy  THQ 4 THE+T FHSEED

fmaskg) TRy ZIBEHD3 4.0HE03
TRy 2.35E+01 S E

surficial sofl exposure apportionment @

{955 THQ RESU200 95980360
{-doep) TRy 0510708 B5-38-09-00
TRy 3R G5-84-05-0
derfved parameters:
HO0E-0% 220E-0E
213806 3EHE-0R
LB5E-U7 3407
1LEDE-OR 2.156-08
100808 28808
1ORE+ DG 1058408
YEs amt REEE-DE 3 55E-CR
L - 5.39E~08 539808

L ST O, vapuy |

Contmn  LBAES00
B 2U2E-03
Cam it ABIEHE
Coatsm 4.53E+03
Dutas  THBE-03
Bettran 3.B0E-08
Bettoms 1IRE-03

T.BaE~E
= O ()

Spsnil/omdoairy
forpiatsorntair
{rsailAom-airy
fganllenneair)

gmoiliomdwak)
fg-sollecmi-airy
fomdonatiomi-aic)

v geesasies (AP, o el [y, and Raygowd I the

5 A S0

{umitiess)
{L-wratstoair)
{pgrm Py
{boveabshg-snity
{ g kgl
Cenghag-soil}
fomdieec)
{opvisen)
(e
frmdoses)

USERPA{1996)
LISEPAT1996)
USEPA{1995)
USEPA{19968)
LISEPA{1996)
USERAL 19396}
{cakutated}

USEPAL1994)
UBEPA1996)

USEPA{1596)
LSEPAL1994)
CROLI9SE)

IRIS {1994}

HEAST {07/93)

RIS (1994)

IRIS {1994) SFAURF

IRIS (1994)

57 FR 31776 {17 1 92) Eifecy

{based on §]
Thased on P}

B o e

fo

mg-phases/myg-total
Lo v T e B e
L) -

equilibrinrm soll partitioning

L3 vapus
o1 wabar
w8 b

....... 3ir
e e . an LTSS
[ e 1

1050

effective soil diffusivity

8,/8;
835 b

LAOE~R
1.0E~4
1085
LOE-E
18810

TH D 3 TR gus]
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CAGRN 33063 transport aned themmodynsmic i wlers { e 25}
name naphthatene M LIRESD2  {ndmoled USERA 19963
CipHy Bair BHUE-02  {omileec) USEPA{ 1996}
Risk-Based Screaning-Level Concentrations!™ Phuat 250808 {omiieecy UBEPAL 1996)
tisk or Ko 3I0EH00 bgldl-watkgood UISERPA{ 1996}
hazard  stenario; Hoow IGO0 oot Miavatg) LISERAL 1295}
criteria:  residential industrial H 48IE-04  {atrenedimnt) USEPA{ 1996}
amblent vapor inhalation H TLE-DE {lewat/ai {calculated)
HBSL THG 3326400 4. 39E+00 B LB2E-01  {ram Hg) Mott{ 1995}

{ug/m® TRy M LY s LI0B+8Y  (mgiy LISEPA( 1996}
TR, A MA& By {ogtimolesmale)
enchosed space vapor inhalation e logio{mnle moly
RBSLy THO 41TED0 43BE+00 o LOE4DT  {oimil USEPA{ 1996}
{ugdm®y TRy MR NA oy ZABEROR {00 CRO{1996)
T8 {23 239 Tonp BO2B+01  £0) CRC(1996)
grovndwater ingestion todicity pargmeters
HBSlew THQ FI0OE-03 2.404E+00 RED WE. {rmyfhug-dav) IS (D91 2/708)
{mgly TRy N B P {engra) IRIS {D9/17/98)
TR, A Na 5F, 1 rmhy-day) IRYS (0917798}
MCL 2 L5 55 A emgpke-charyy
soif beaching to grourgiaater ingastion Woof £ & IRIS (09/17798)
RESL,  THQ §.88E+01 L93EH0T MCL {raglovant)
{ragkg) TRy 3 s BAF, 1OGE B
TRy 2 NA RAF 506852
ML HA 1 derived parametsys depantient on
groundwatsr 1o ambliant vapor inhalstion chernizal properties and soil parameters
By, THO S {LEVESDY S {2768400) UF LOOE+0  {unitiess)
{rag/Ll TRy 48, A b LOIE-DZ (Lot Loaie)
TRy 2 NA Coaat g L2BEROE  {uaimloainy
groyndwater to encosed space vapor inhalation : ZO0EL0Y  {Laatdhg-sol)
RBSLg. THG 2518400 884800 XD {mgihgrsoil) {based un 5}
{mgsly TRy NA NA 1.27E+03 it} {hased o B
TR, ua 1Y 4518~ :
subsurfaca sail volatilization o amblent air S02E-U5
RBSL.  THO Re (B FTESHZY  Re (99E 07} 25VE-03
{mgkg) TRy NA A 46108
R HA HA equilibrium soll partitioning
subsurfane soll volatifization to endosed space
RBSL,  THI 4036+ LU5E+2 B t £ vapor
{mghg) TRy A NA g o8 oy ater
T8, 2 L5 gl 0.5 1 sorbed
residuat phase rmpbility Himit § iy
RBSL;  unsat N MA -
{mufkg) sat 4 A £ 02
surficial soil exposure gt 9 7
RBSL  THQ THIEHDT 3B08+02 = T - S T
{mglka) Thy . HA 2o 2 2
TR N A 8,/8,
surficial soll exposure apportionment 9
{9} THZ B-03-06-00  G0-01-47-00 - ——
{i-dv-g) TRy P effective soil diffusivity
TR e s o s AN EEY
derived parameters: L 8,/8y
YFs a0 104557 LABE-E0  (genliomal) o 0.5 i
160805 BAOE-Q7  {cmiwpbicrair) ey LOESD ¢
RO 113608 crevhairy ‘% LOE-2
1. B0E 08 216608 crdeie} o LOE-4 L
142808 112808 i} 51086 f
106602 LOSE-D2  {gesoiviem-wat) oF LOE-B ~’>’"‘
AHE-G9 $EIE-0T {gesolisamoain LBy
§.56E~08 LESE-O8  {oaiowatiomoair) & ioee1z L

% of aguerss sobiiiity (8-,
W ERGES Velia: o
; s g
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

E2081 - 00 (2015)

CASRN 108052 transport and thermodynandic parametens [raferences)
name pheno MW 9418601 ok LISEPA{ 19963
bl Ty IE-07 2 LSERA{ 1996}
Risk-Basad Scresning-Level Concentrations't) Dt L3E-G5 USEPA{1D36}
Tisk o Ko 1.488+00 USERPA{1996)
harard  scenario: Ko LARESOD  DogiOfiowat LISERAL 1995}
oriteria:  residential inchsstrial H AETE-LF  {ptme-mimad] USEPA{ 1996}
anbiert vapor inhalation H LESE-D  {Lwat/lai) {catcudated)
RBS  THG F403 3078403 =8 34LE-G3  {mwm Hg) USEPA{ 1994}
(st TRy tA ) 5 BUBEHM  {mgdt) USEPA{ 1996}
H e (2] PR LODES0Y  logi{moie/mole) LISEPA{1995)
enclosed space vapor inhalation ¥ e HY mok male)
RESLy: THQ 297E+03 FGIE4DY P LOSEON  {gomk) LISERAL 1996}
{jm®} Ty 1Y 1Y Tar LEEHGE (0] USEPA{ 1994}
TRy Bif, NA -, BN 200 B S CRO(1996)
groundwater ngestion tosicity parameters
RBSLgs THG 2498400 H13E+H 350 50801 {mgkg-dey) IS (19%9)
{mgsl) TRy R NA REC TABEHDD  {mgem®) Route-to-Route
TH; A A SF, {emgg-dayd
MCL 1Y M 55 1 {rngy-dy)
soil feaching to groundwater ingestion WofE 5] IRIS {1994
RESL,  THG 3708401 1OAE02 ML {mgtewat}
{mgkg) TRy HA A RAF, 1.60E00
Ty & HA R&F¢ 50003
ML MA A derived parameters dependent on
groundheater tx amblent vapor inhalation cheical properties and soll parameters
RBSLge THG S< (A05E+07) B {(B47E407) UF SH9E-01  {unitiess)
{mg/ly TRy M NA Her LESE~08  {Lewatslonir)
TR 13 Hh I LIEEEUE  (ugimeiair

grovndwater w0 encosed spaos vapor inhalation LEUE~0E  {lowabdaso)

g THQ 5z {B13E405) 5= LOTEL0E  {mghig-saif [based on &}

{mgly TRy M BEEHE (mgeesol) fhased on P

R Na 2 S68E-03 ¢ ;
subsurface soll volatiiization o amblent ai iy LEPE-BL {
RESL,  THQ Rs ($.57F+00) R {6.830406) Deities SEIE-03 (emiigec)
{mgkgy TRy N& H& Deteoss SE8E-0Y  {nmlssn)

TR A KA, equilibrium soil partitioning
suhsurface soff volatifization to andosed space
RESL,  THO Fia {2,928+05) Ha (7.668+05) "_g‘f 4 o DT
{mgeg) TRy 84 Y gos o veater

TR, Y NA g* 0.5 & sorbad
residugl phase mobility Bmit § a4
RBSL,  unsab P& M &
(magdkg) sat. KA na 502
surficial soil expasure ) g‘ Y . ‘
RBSL,, THO 4596+ 674504 e - R
{mgdh) TRy M8, A womoe =

T, b N4 8,/8,
surficial sail exposure apportionmint
(%%} THG WREELAG0  OS-S5-07-00 - e
(edewp) TRE e pe effective soil diffusivity
derived parameters: EZ?EJ 8,/6;
VYo 100808 4O0E-U%  fg-soliomainy G 0.5 1
WFansn LIOE-09 128800 LB :
WP, 319609 349509 E S
YR a2 LBOE~I 215E-08 o Y
VF g i AINE-08 349508 g LS4
= RO B2E-O1 § 087 W
W e 445810 445510 %é LOES 7 T
VE s 5.406-11 5.40E-11 E o

HRNE
G Qe e Wy pavendhy
igtig, s particuhs it (-depl
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASKN PG teansport and tharmoedynamic parameters {onferences]
namne phithalate, di-n-butyl i 2708402 {gemole) Versch. (1956}
Ciabbayly Phge 4.38%E {(‘J‘ﬂrlf 2w} LISEPA{1596)
Risk-Based Screening-Level Concentrationst D PEEE-GE  {omisec LISEPA{1996)
sk or Koo A53E400  loglofl-watidpact USEFATTO98)
havard  scenario: Ko AEFEXOE logiBlwabigl Yersch.{1995)
criteriac  residential indstrial H BARE-1G [stmemdimed LISERAL 1996)
arnbient vapor inhalation H IH0E-08  {lewatiloainy {calculatedd)
RBSLy:  THO 3,858+07 S 11E02 By LOBESGE  {mum Hg) Versch.{1996)
{pa/m®y TRy K& MR 5 LAZE+BE  fmgdl) LSEFA(1996)
TH, A 5] 3 A HE G )
snciosed space vapor inhalation PRy logd O mole/male}
BBSLy: THQ 4BTEADR 5.3 EEH02 ® LASE4O0  {gemL) Wersch. (1996
{ua/m3y TRe 7 MA e IA4GES0L L) Versch.{1995)
TR, K HA Fon 3508401 {903 Versch. {1996}
groundwater ingestion foxicity parameters
RBSLgw THO 3LESE0E L RFD, LOUE-0L {mgfkg-day’ IRIS {1994}
{mgsly TRy 03 NA RICG 3S0E-08  fmgim®) Boute-to-Route
TH, 1A A% SF. Fefmykgday
ML 58 M AF 1/ ragike-diand)
zol leaching o groundwater ingastion Wof B o] IRIS {1994
EBSL,  THQ Re (S.M2E+3Y &S {1.538+04) 801 T
{mgikg) TRy EEY £33 RAF, 10000
TR, R % RAFy SO0E-(2
MCE. 28 1 derived parameters dependent on
groundwater 1o amblent vapor inhalation cheraical properties and soll parameters
RBSLy THQ S (2.30B407) S {3IELN UF LOCE=00  {unitiess)
{mgAy TRy Pk A Hage FEOE-0R  flowatidleairy
TR, 5 Y Cont g B2EG7 (g
grosindwater 10 enclosed space vapor inhalation 330802 {Lowatrkg-sail}
RBSLy, THO 5w {5.30E+85)  $< (137E408) BRS¢ R {based on 5]
{rmagsl) TRy M MR L3281 Imuskg-soi) [hazed on P)
TR M A L2OE+00  fomdae)
subsurface soll volatilization b amblent air AFEHY fomiosen)
RBSLy  THO Rs (LEEL0N)  Re (370800 s LA {omdiaac)
{rngshg) TR T Ha Crarorc L2008 fomireec)
T ) \{% A aquilibrium soif partitioning
subsurface solf volatifization to enclosed space
, s - 3
RBSL,  THE 75 (161E408)  Re (4 156+88) o £ Vapar
{mgkg) TRy [ A 5 0.8 t waker
TR P L2 g' 0.6 & sorbed
residual phase mobility mit § 0.4
HESL,  unsal £33E 04 L3264+ &
(mgiky) st 1326004 1326404 B 02
surficial soit axposure E‘ 5}
BBSL  THQ 4OEE RS THEE 409 [ B - T
{mgskyg) TRy A TR =G @ o
TRy Ty A 8,./8,

surficial sofl exposure apportionnzent 1
%) THG SEGTO0E0 3E-60-00-0

effective soll diffusivity

v TR T
o o v o WELRY
derived parameters: ! 8,/ 8,
YFe o 303812 L23E~16 o 0.5 1
VE g ﬁ,wmo 3726410 Ty :
563611 £ 16811 - S
180809 215508 W
5.628-11 616611 5 LuE-8
6.4VE-04 27808 o LOE-1L /_
138813 139613 B 1.0F-14 .,
159611 150818 & 1oe-17 e

e Sasgiged i g

salistie,
g o @

i b g nl
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E2081 - 00 (2015)

TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CAGRN 2662 tranaprt and thermodynamic Serameiers freforerces]
NEME phthalate, diethyt ihy 2IIE {omoded Versch.{1998)
Ty Dy JESE-D2  fomdisec USERA{ 1995}
Risk-Based Screening-Level Concentrationst ot 65806  {omiisech USEPAL1998)
visk o Ko 2462400 4 USEPA(1996}
hazard  stenario Ko FAREN Versch.(19963
criferia:  residential industrial H LIDE-07  {otmeayiimol USEPA{1996)
amblant vapar inhatation H LAVE-QS  (Lowab/loair {ealculatad}
RESLy THO 283G 4 0803 P, LAUELTL fom Hg)d Warsch,{ 19963
{ugim} TRy A A 5 LIDE+02 (oL Yersch.{ 1996}
Thy WA A ¥, fo 00k
enclosed space vapor infialation 1Ky g 10 rmalemnie}
RBSLy  THO 3B8E+03 4.08E+403 £ LIZEH0E  {odml) Verseh 1996}
{ua/my TRy N A Toop LHREDZ 10 Verseh.{ 19963
TR N8, LY Voo ~4, 688408 {70} Versch.{1995}
groundwater ingestion tedcity parameters
RESLy, THQ ROTEHOE 3188401 RECy, 80001 {rogihg-day RIS (1964
{mgst} TRy MA, DA REC 2808400 {mg Route-to-Route
TR A 84 SFy 1rmasky-dav)
MCL & WA SF; Lmgl-day)
sof iaching 1o groundwater ingastion Wof E & RIS (1994}
RBSL, THQ AOHEHR B3 (1140500 MCL {rogelowath
{meprkg) TRy H& LN RAFR, LG0EGn
TR MA M4 RAF 5008011
ML N4, 4 derived parameters depemdent o
groundwater to ambient vapor inhalation chemical properties and soif paramsters
RBSLgw THOQ S {LASEAN8) ¢ (LAIEH08) UF LOGES0G  (unitless)
{mgty TRy A HA Mo LEFE~QS  {Lwat/loair)
TRy MA MA Caapwap LR Gaymi-gn)
groundwater & enclosed spaca vapor inhalation Ko LE5E+00
RBSLQW THQ S< {2A8E406) 5< (B 7RELO8) Contsoit [N SR Thased on 5]
{rgil) TRy M B Coastzo 2O9E [hased on B
TRy Ha HA Dt ADE~G3
subsurface soif volatifization o ambient alr Ditonn GA0E-2
RBSL. THOQ Rs (L15E+06) Rs (LOIEAIS) Bt SO8E-03  fomdisec
{magskg) TRy NA T Dateene ADIE-E3  femPrmen
R | A KA cquiibrium sofl partitoning
subisurface soif volatifization to endosed space '
RBSL, THQ 5 (5.81E4 08} Bs (1L.I9E07) B 1 vapor
{mgkgy TRy TS HA ,g 0.8 1 water
TRy A A 0 g‘ 0.5 J e sorbed
resichal phase mobility fimit E 0.4
RBSL,  unsat LOBE+D4 1055404 o, 2"
{mg/kg) sat. LOTERGS L ATEQE o B 02
surficial soll exposure e g o : ]
RESL,: THO £.45E+ 04 5 5SE 44 0 =R T - T - S
{mgskal TRy Ha KA ®oRos 3
TRy HES BiA 8.8,
surficial soif exposure apportionment
{Bad THO $11-57-01-G0 GR-GE01-G0 " e -
{tdv) TRy — effective soll diffusivity
TR, e o v v T
derived parameters: wmsmon 1) 8,78,
W o 5726~ 16 3705 : o a5 1
Vo 20 158808 S.IE- 10 K, LUED ;
W amn1 FEIE-10 B.36E-10 3 LOE-3 4
WFsgamb AR08 ZAGE-08  fgselomiair) s LUE-4 ]
Vo iy ming 5,2 THRIE- ] BIAGE~E  {gesulivurdeai) S LOE~% 4
FA8E-{12 FISE-I {gsoifombuet) .;:;E 1088 W—W
254811 2.54E~11 fg-soiliome-ale) B LHE-18 Ié‘ . u,w
254811 AHAEEY {omawatsormSain) E 1.0E8~12 he

(R, A R ¥ the

paf?
14 ey iz SR 85
{HYHA - not appinabis,

st inrlation (dep).
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations {Ses Refs. 2, 15-28) (continued)

CASEN 17184 fransport and thermodynamic parameters {referances]
name tetrachioroethene iy LEEELDE  {g/moke) USERA 1996)
Collls D PRE-0E {omdisec) LSERAC1IUDS)
Risk-Rased Screening-Level Concentrations™ Dhe BIUE-08  {omieaec) LSEPA1996)
rish or Kee TINEH loniOtowatrkg-ac) USEPAL 1906}
bavard  soenario K IATESO0 g lil-entikgd LSEPAL1996)
criterla;  residertial freduastriad H LEAE-0Z {atmemdimol USERA 1996)
ambient vapor inhalation H 785E-01  {Lvatiloainy {calculated)
RBSLy;: THQ 365804 5 18E+E P, 190E+0L  {mwn Hg) USEPA(1994)
(g™ TRy 3. 26E 407 RISES02 3 TO0EFER {mgely USERA{1996}
T®, 4. 268400 TASEAG (.8 g 1 pwte oot
enciosed space vapor inhalation ¥y fou 10 moksirale}
RBSLg THG £ EPE 0L 5 YIEH0L i LEESUG  (pimld LISERA{1996}
{ug/mdy TRy 560002 7.1GE {2 Teop LXE+D2 {50 USEPA{ 1994}
TR 5,686+ 00 TASESOD Tonp =R 2O CRE{ 1996}
groundwatsr ngestion iRy parameters
RBSLg THQ 3.658-01 100 RID, LOOE-02  {mgikgedav RIS {1994)
{mgsl} TRy 1 FAEGL 5. 508-01 R IEUE-02  {mgimdy Route-to-Reute
TR, 1.64E~3 5508013 SFy 5HE-02  Wimglhg-day) ECAD {1998
MO S BOE-03 5 BOE-03 S ZO0E-0% IAUmueskgdeyd BCAL (1992}
sl feaching to groundwater ingestion WaolE B2 ECAG (1998}
RESL,  THOD 2 O8E4-00 358400 MCL S00E-03  {mg/owat) 56 FR 3526 (30 Jan 913
{maskg) TRy 1398400 4506400 RAF, LO0ES 00
TRy 134502 350602 R&Fy 500808
ML 4. 088~12 4 GEEAI derived parameters dependent on
groundwatar 1o amblent vapor inhalation cherteal properties and soll parameters
RBSLw THQ S {2350 < {L28E08) UE LOOE+0G  {uribless)
(gL} TRy S {27SEER) S (LEDEHOR) Hes PHSE~01 (Lt login
TR, 2AEH0Y 4605401 Caatvnp LTZE+DE  {ugsmi-an
grovndweater i enclosed space vapor inhalation Kswe LR {Lowatvhg-soily
RBSLyy THO 1. 345408 2526440 Coatsant IATELO2  {mgigsoll) fhased on 8]
(mgsl) TRy 3.568401 AR Comuot  DBESR  (roglhyesoil) fhased on P.J

TRy, LESE-0F 25301 Do ons §E4-03  {ooiser:
subsurface soll volatilization to amblent ale LI4E~05  {roddzec)
RESL,  THOQ FA7EQY FOBE4QL 0B {omdleec
{mg/kg) TRy 172E+02 2305402 Dostasn §526~03  {omison)
TR LRENSR 2806400 equilibrium soil partitioning
subsurfare sofl volatilization to encosed space {
RBSL,  THQ B4 ZI0E+00 E £ VEpor
{maskg) TRy 102801 3288401 g 0.8 o vrnter
TH: 103 3. 21E-01 g‘ 1.6 g sovied
residusl phase mobility limit S 04
RESL,  unsab, 14RE (4 LABELO4 -
{mgfug) sat. LAGE 404 LAGEHDS Tl PRe £ 062
surficial soif exposurs PR O & g
RESL, THO REAEI02  SO4EHD o a &
{rmgshgy TRy 362E 402 SAEH02
TR, 3EE (0 5428+ 8,/8;
surficial soif exposurs apportionment!
{%a} THE DE-63-2600  OX-H2-33-00 X Tr——
{i-dvp) TRy HABROL00 5420000 v— effective soil diffusivity
™ LLEPUED 05-92-04-00 e on o o LT
derived pararmsters: tokal 8,/8y
557805 2EIE-DS {gsclliomal) o 0.5 f
263805 1ASE-05 e:cmiwatxf 3 '& Loee1 [ 1
2IWE-Q? REIE-DT fgesolt T
1.A0E-{1 216888 farsaiticmoa E LOE-3
180808 LIGE-DR  tgeniorniealn B LUES
3 2 Larnd
£.228-04 BEZE-DR {gseliomiowat) & 10B-7 4 e
2ASE-06 2488-08  {gesoliom®-alr) g LRSS 4 e
1.5EE-07 1EEE-DT  fomiewatsomdoalr T jpe-11 L
gt £

For e where this o alciitated st 2

5 ISty
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where the intake depends on exposure parameters (ingestion
rate, exposure duration, and so forth), the source concentration,
and transport rates between the source and receptor. The slope
factor i3 selected after reviewing a number of sources, inchud-
ing the USEPA Integrated Risk Information Systemn (IRIS) {(8)
database, USEPA Health Effects Assessiment Summary Tables
(HEAST) (%), and peer-reviewed sources. Note that this risk
value does not reflect the actual probability for the specified
exposure 3cenario to occur.

X3.1.4.2 The slope factor may be cquivalently defined in
terms of a unit risk factor,
~ = it risk factor [ mg/m>] !

(X3.2)

slope facior [mglkg — day|

fdefined average lifetime media intake [m>/kg — day] ™!

where the defined average lifetime media intake (of water or
air} is based on defined exposure parameters (media ingestion
rate, exposure duration, and so forth) for direct ingestion or
inhalation of the chemical.

X3.1.4.3 The example RBSL values appearing in this ap-
pendix correspond to upper bound conservative probabilities of
adverse health effects Crisks™) in the range from 107% 1o 1074
resulting from the specified exposure.

X3.1.4.4 In the case of compounds that have not been
classified as carcinogens, the example RBSLs are based on the

general equation;
hozard quetient = average intake [mgikg — day] (X3.3)

Ireference dose [mglkg — day|

E2081 - 00 (2015)

where the intake depends on cxposure parameters (Ingestion
rate, exposure duration, and so forth), the source concentration,
and transport rates between the souwrce and receptor. The
reference dose is selected after reviewing a mumber of sources,
including the USEPA Integrated Risk Information System
(IRIS) (B) database, USEPA Health Effects Assessment Sum-
mary Tables (HEAST) (%), and peer-reviewed sources. Note
that this hazard quotient value does not reflect the actual
probability for the specified exposure scenario to occur.

%3.1.4.5 The reference dose may be equivalently defined in
terms of a reference concentration,

= reference concendration [mg/m?]
(X3.4)

reference dose [mglkg — day]

X defined average daily media intake [m’/kg — day]

where the defined average daily media intake (of water or
airy is based on defined exposure parameters (media ingestion
rate, exposure duration, and so forth) for direct ingestion or
inhalation of the chemical.

X3.1.4.6 The example RBSL values appearing in this ap-
pendix correspond to upper bound conservative estimates for
hazard quotients of unity resulting from the specified exposure.
Note that this hazard guotient value does not reflect the actual
probability for the specified exposure scenario to occut.

X3.1.5 Tables X3.2-X3.4 summarize the eguations and
parameters used to prepare the example RBSLs (Table X3.1).
The basis for each of these cquations is discussed in X3.2 ~
X312,

TABLE ¥3.2 Site and Scenario-8pecitic Parameters

parameter residential industrial definition, units
specified risk or hazard criteria
THQ 1 1 target hazard quotient for individual chemicals (unitless)
TRy 1.00E-04 1.00E-04 target excess individual lifetime cancer risk -~ upper range value {unitless)
TH 1.00E-06 1.00E-06 target excess individual lifetime cancer risk - lower range value (unitless)
exposure parameiers (adult male)
70 70 defined carcinogen averaging time (years)
30 25 defined averaging time for non-carcinogen {years), = ED
70 70 body weight (kg}
30 25 exposure duration (years)
350 250 exposure frequency (days/year)
100 50 soil ingestion rate (mg/day)
15 20 daily inhalation rate (m®day) - indoor
20 20 daily inhalation rate (m3/day) - cutdoor
2 1 daily water ingestion rate (L/day}
3160 3160 seascnally-averaged skin surface area {om%day)
0.5 0.5 sail to skin adherence factor {(mg/em?)
200 G00 enclosed space volume/infiltration area ratio (cm)
12 20 enclosed space air exchange rate (1/day)
15 15 enclosed-space foundation or wall thickness {cm)
k| 0.0 0.01 foundation: crack fraction (em?-cracks/om®-total area)
dP 0 8] indoor/outdoor differential pressure (g/om-s2)
k., 1.00E£-08 1.00E-08 soil permeability (cm?)
Zg 15 15 dapth 1o bottom of slab {om}
Horaon 3400 3400 slab perimeter {om)
A, 700000 700000 slab area {cm®)
surface parameters
T 30 25 averaging time for surface emission vapor flux {years)
Ui 225 225 ambient air velocity in mixing zone {cmy/s)
&ir 200 200 mixing zone height {cm)
A 20250000 20250000 source-zone area {om?)
W 4500 4500 widih of source-zane area (om)
e 100 100 thickness of surficial soils {cmy)
P 6.90E-14 6.80E-14 Areal total respirable particulate emission flux from source (g/om?®-s)
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TABLE X3.2 Confinued

parameter rasidential industrial definition, units
derived parameters
LF o ow 4.70E+00 4.70E+00 leaching factor, ground water/scil pore water ratic (cm>-wat/cm>-wat)
(e o] ¢ convective flow through basement slab {em®air/sec)
DF e 2.78E-02 8.94E-02 dispersion factor for enclosed-space air (g-cm?/s)/{g/em®)
DF e 10 10 dispersion factor for ambient air (g-om®s){g/em?)
YE, 6.95-15 8.9E-15 total respirable particulate concentration from soif source (g-soiliom®-air)
maobility fimit parameters
S, 0.04 0.04 specified residual void fraction in vadose zone soil {cm®-oillem>-vaid)
S, 0.04 .04 specified residual void fraction in saturated zone soit {om>-oiler®-void)
soil parameters
Fioas 5 capillary zone thickness {cm)
h, ) 2895 vadose zone thickness (cm)
Beop 0.342 scil water content - capillary fringe region {em®-water/em®soil)
[ 3— 0.12 scil waler content - vadose zone (em®water/em®-soif)
[ — 012 sail water content - soil filled foundation cracks {cm®-wateriem®-soif)
Bacap 0.038 soil air content - capillary fringe region {em®-airfem®-scil)
Bayad 0.26 sail air content - vadose zone {cm®-airfem®-soil)
[ 0.26 soil air content - soil filled foundation cracks {om®-airfem®-soll)
Pe 1.7 soil bulk density - dry soil {glom®)
| 0.0 mass fraction of organic carbon in soill {(g-oc/g-soil)
Or .38 soil porasity {omP~vaid/em3-soil
Lgw 300 dapth 1o ground water {cm)
[ 100 thicknass of surficial soils {cm)
pH 6.8 soil/water pH {unitless)
ground water parameters
Sgyve 200 ground water mixing zone height (cm)
| 30 water infiltration rale (cmiyear)
Ugw 6.85 ground water Darcy velocity {em/day)
chemical-specific identifying parameters
CASRHN Chemical Abstract Service Hegisiration NMumber
name commaon chemical name
chemical-specific iransport and thermodynamic parameters
MW molecular weight (g/mole)
Bair malecular diffusion coefficient in air {cm%sec)
Dyat maolecular diffusion coefficient in water {cm%/sec)

oo organic carbon/water partilion coefficient log10(L-wat/kg-oc)
Ky watar / soil partition coefficient log10{L-wat/kg-soil)

{Ky = K., b, for organic chemicals)

H Henry's law constant {(atm-m®mol) or (L-water/L-air)
Py Vapor pressure (mm Hg)
g Aguacus solubility imit (mg/l-wat)
518 acid ionization equilibrium constant (log10{mole/mole})
Pk, base ionization egquilibrium constant (log10(mole/mole)}
chemical-specific toxicity parameters and exposure criteria
RiD, chironic oral reference dose {mg/kg-day}
RiC, chironic inhalation reference concentration {mg/m®)
SF, slope factor - oral (1/{ma/kg-day))
SF, slope factor - inhalation {1/{mg/kg-day})
Wof £ weight of evidence
MCL Federal maximum contaminant level for public drinking water supply {mg/l-wat)
RAF, relative absorption factor - aral (mg-adsorbed/mg-applied)
RAF, relative absorption factor - dermal {mg-adsorbed/mg-applied)
PEL-TWA OSHA Permissable Exposure Level Time-Weighted Average workpiace criteria (mg/m®-air)
TLV-TWA ACGIH Threshold Limit Value - Time Weighted Average workplace criteria (mg/m®-air)
derived parameters - dependent on chemical and soil properties
RS fraction of unionized chemical in water (unitless)

effective Henry's law coefficient (L-water/L-air)

saturated vapor concentration (mg/m>-air)

=0if to water partition coefficient - vadose zone (L-water/kg-soif}

residual soil concentration - vadose zone {mg/kg-soil)

effective diffusivity - vadose zone {cm?sec)

effective diffusivity - capillary fringe zone {em*/sec)

efiective diffusivity - averaged water table to surface {om®/sec)

efiective diffusivity - enclosed space foundation cracks {cm?/sec)

dissolved phase retardation factor for saturated ground water flow ({em/s)-wat/{crm/s)-phase)
dissolved phase retardation factor for vadase zone infiliration flow {{cm/s)-wat/(cm/s)-phase)
parameters, and chemical and soil properiies

volatilization factor, subsurface soil 1o enclosed space {g-soilicrn™air)

volatilization factor, ground water to enclosed space (cm®-wat/om>-air)

VF s amb, 1 volatilization factor, surficial soil to ambient air (g-soiliem®-air)

VF s amb, 2 volatilization factor, surficial soil to ambient air, mass-limited (g-soillcm™-air)
VF s amb, min 23 applicable volatilization factor, surficial soil to ambient air (g-soiiem®-air}
LFow leaching factor, soil to ground water {g-soilfom®wat)

VFs ami volatilization factor, subsurface soil to ambiert air (g-soilfer®-air)

VF g amis volatilization factor, ground water to ambient air (cm®-wat/cm®-air)
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TABLE X3.2 Confinued

parameter rasidential industrial definition, units

Risk-Based Screening Level Concentrations
RBSL;, Aisk-Based Screening Lavel for Air (mg/m?)
- ambient {(outdoar) vapor
- enclosed space (indoor) vapor
RBSLg,, Risk-Based Screening Lavel for Ground Water (mg/l)
- ingestion
- inhalation of evolved vapors to outdoor air
- inhalation of evolved vapors fo indoor air

RBSE, Risk-Based Screening Level for solls {ma/kg}
- leaching to ground water ingestion
- inhalation of evolved vapors from subsurface soil to cutdoor air
- inhalation of evolved vapors from subsurface soif 1o indoor air
RBSEL Risk-Based Screening Level for surficial soil (mg/kg)
- combined exposure o direct ingestion, dermal contact, vapor inhalation, and pariiculate inhalation
{i-d-v-p} Apportionment of BBSL,__ as a fraction of exposure by direct ingestion, dermal contact, vapor inhalation, and particulate

inhalation {% each)
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TABLE X3.3 Equalions Used to Develop Example Tier 1 Risk-Based Screening Levels {RBSLs) Appearing in Table X3.1

Bish-Based Soreening Lewat Concenteation for A Inhalation ~ indoor and

R0E YEPRrS Risk-Based Soreening Level Cotnsrtration for Sround Water: enciosed-
for non-Carcinogens: space {indoor) vapor inhalation
et o THQRIC - AT, - 365 days/year

e ED - EF
fr cardinogens: For RBSLgy > S the calouiated cuncentration i graster than the pure
p— Risk - BW - AT, - 36% days/year charical component agueaus sciulility it and the specified vk o

ol = T TR TR hezard level cannot De achisved i the defined scenaria,

ST RS TR @ o &

For RBBLuw > Catg, thee calouloted concentration is greater than the HBSLg Risk-Eased Steening Level for grovnd water ingestion
e chemical cumponent saturated vapor conentration Bralt, and the (o)
3?&5??!-&‘@ Figk o hazand fevel 3 rmc_t bé achievad in the defined scenario RESLy  Risk-Baser Scresring Level for air inbalation fragem®)
{isriteas an asraac) of the chemical s inhated). Whguasp  volatiization facios grount water te enciosed space air

{cendwatersom’-air}

BGhey  Risk-Based Screening Level for air inhalstion {mg/m?)

ﬂ“ GEﬁjnm ETIHOGED .e;wem:ag:sag e ﬁ' Bairs) ) Risk-Based hunsening el fior SurBast Sody ingestion of «d, inhalstics

'3‘} ”? Gefired cjﬂera“gm'g tiene for ron-carcinogen {years), = B0 of vapors prdd pariculates, and deorad sord

o budy vfmgm i}*ﬁ? ey For AOn-EATCIOGENS:

f.gm,\,ap puire charnicat ssturated vaper contentration {mgdme} TH ‘ B - AT 268 daverves
expomire davation {yeans) RBSL, = €3 - BYW - AT, - (365 days/ ’Y’W??V
exposues frequency {dava‘yeart ; EF - ED
dally inbatation mate {(misday) - door v outdoce T kg S RAF,  EA M- RAFG
chronic inhalation reference conventeation {mem®) Lm i { e R } +
rargel sxcess individust ielirme cancer sk A @ . - ° /
(TR o TR, range) B D 2 VP o o’ kg

5 cardraganic siope factor © inhalation {mgdtg-dayy? R ooy

THE target harard guotient for Individus! chemicals Junitiess} for earCinogens:

Risk - BW « AT, - (365 days/year) /

RESEy, = EF - ED 7

Bish-Based Screening bevel Oomcentration for Ground Waber: Ingestion
{prinble water supply ordyd kg )
o nOI-CArCInDgens: Lm i -(SFC‘ ~IR - RAF, 4+ BF - SAL M- RAF;,) +

RESL. = THE - RID, - BW - AT, - 365 days/vesr Lot kg

e = R, ED-EF §F, - Hy, {WF, + VF} - m‘»;y 'y
for carclangens: RESLy  Rish-Based Screening Laved for Surficisd Soi k)

) Rigk - BW - AT, - 365 dayafyesr Al defined carcinogen averaging e {venrs}
RBSLyy = TR, CEDEF ATn Hefinedd senraning Hime for non-corsiongen Tysars, = B

B Bty weight {kg)
Por RESLa. = 5, the caluulated conentretion is graater than the pure &0 exposune duration {years}
chemicad component aqueans soluhilily il and te apacified risk o £F suposre Fraguency {daysivear)
hiazand feved cannnt be achleved In the definid scenerio {undess freg- Fgis ity nhataion rate (eSiday) - cutdane
phase chamicat is mixed with the ingested watsr}, iR sofl ingestion rate {mgaday)
# st 3o skin adherencs Bactor {maeom®)

BiSlay  Risk-Basad Scresning Levet Tor grounl waber ingastion {mg/L} Rafg dermal retative absorption fackar
Ay cefined carcinogen averaging me Ceoars) RAF, ral relative alsorotion fachor
Al defined veraging tme fir nan-candnogen Jyears), = ED RO ehraric Intedation reference concertration (mgmd
By body weight (hgl et chwonin ora) reference dove imndkg-dayd
ED exposies duralion (yearg) Risk tarpet exooss individust ifetime cancer risk {TRy to TR}
EF exposire faguency {daysivenr) S8 semsonail-aversged skin surface area (o day)
Wy dalty water ingestion rate (Liday) SF; shogme fantor - inhedation (mgdag-dayy?
Bfo chranic o3 reference dose (mgshgrday SFq shope factor - oral {mgkg-davyt
Risk target exoess individual lifetime cancer risk (TR fo TRY) THE target kazard quotient for indbridusl chemicas nitiass)
& pure chernical squesus solubiity imdt {mg/L} YFs volatiization facton surlicial sod fo amiient air
5By carcinnganic slups factor - oral (mgdkg-day) {g-soibzormairy
TH ot hazand quotient for individual chemingls {oninss} Y fohsl respivable perticulate concentestion fram sofl source

fgesoiiiombair)
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TABLE X3.3 Continued

Risk-Basad Screaning Leavel Concentration B Ground Water: ambdent Spporticnment of Risk-Sased Soreering Level o Sulicial Scil

fewiddonry vapor iy irgestion of soif, iohakdion of vapors and particulates, and dermal
RESE . el [£eiie s

A For OT-OACINGGENS:

i

§ I's . .Y
For BBRLys » 5, the crlvuiated concentration is grester than the pure ingestion (%} = 100 {; Qﬁﬁ { M“E i

chargical component aguenus solbiity lindt and the specifing vsk or g R
havard kel cannat e aciieved i e delined soenario,

kR ORAC M RAFD,

deraal (%) = 100 -] 18— ) ip
RESL,,  Fish-Based Sorvening Level for ground water ingestion L AN o
{mgrly . ) i Loy
RESL  Misk-Based Screening Level for air inhalation {mafm™) particdane (%) = 100 | o P 0
W volatifizatinn factos ground water to amblent e L -
{rndagaterdomieainy halation (%) = 1 - ingestion — dermal - particulate
Wit
R@s&t‘»‘z}s@d Screening Lavel far Subsurface Soil: amblant foutdoor} " Ry O IRy BAR,  SA - M RARY
wapar inhalation D o= [ S T RiDh * Rk,
RBSL, g ol BYY - {WFge + ¥Fy) :
RBSL, T 63 Py Zgﬁ;r e .

Far BB, » Lo ann, the calulated veiue reguires g pore alr

conceniration greater than the pure chemical component d foar cardinagens:

vapar conpenteation it end the spacified rigk or hazaed tevel cannat © ka S

fe nchéevent i the defined soonanio, Ingrerstion (%) = 160 Y L SFe - My - YMF.:‘\!
- may

oo

HBSL Riske-Based Sorsendng Level for sofl {mghgl . N

RBSl,,  Risk-Based Streening Level for air invaiation (mg/m?) dereat %) = 100 ,[w.éﬁi NN 5{,,\[:3\?} ‘o
. £

WE, o ¥latilization factor, soil t ambient air (g-solitom-alr) LN
N N . tm kg

particulate {Y%) = HIQ -{% - Mgy - WFg . 303 Wy et

Risk-Basad Soreaning Level for Sebsurface Soil: enclosed spece . ) ) ) ) ) -

firdnor} vapor inbislation inhglation (%) = 1 ~ ingestion ~ deemnat ~ partivulate

s g ol
- +10} “E o4 with

B BBSL, » g, e T dires & pore g L B # A

Figr BBSE, » Uz anie th.e calculated valun :l‘fsquss’es & pore g o o= g ,,:,9,, f SFo - W - AR, & 5, 58 M RSFy 14

coneniration greater than the pure chemical component saturated mg oy

vapar concentration limit and the spacified risk or hazard fevel cannot

e pohisved in the delfined sconatio,

RESL, Bash-Banad Soreening Laved Dor 3ol {mgdka) preeeptate of sarficial soll wagosure due W

HBSLyy  Risk-Based Screening Laved for air inhikation (mgime) ingestion - direct soll ingestion

W, . viiaiization factor sofl to enciosed space {gsoiiom-airy dermal - dermal contact
pardoalate -« nhaiation of respirshie soif pardculen
inhatation - inhalstion of wapors

Risk-Based Soeaning Level for 2ol feaching fo goound watsy Wiy by fabuatation vate vt - autdoor

P . iR sofl ngpestion mte {mydiy)
RESL, = ......:.E:":.".. Prea-§ e M s08 to skin adhemence facor § .fn-gfcm?}
i Fow Ky g RAFy dermnal raiative absorption faskor

Far BBSL, » Cog o, the calculated value reguies a pore water RAFy sereed redative abwrplion factor ,

conceniration grestar than the pure chemical componant solubility ireit Rf'?s choic mhaiai}_an refprence dose {mgim}

and thee spacified risk or hazard Jevel cannol he achieved it e iy cheonic orat reference dose (mgkgday}

definedd soprario, 88 suasonalh-aversged shin surisoe area {omday)
55 slope factor - inhatation {mg/kg-day}t

BBSL,  Risk-Based Scrensng Level for soll {(mghgl Gy dupe factor - ona gk

iF,, feaching facts, scit io gropndiester {y-aoiisa Wi weitatiliation facton, sarfivial soil to amblent &ir

185y,  Risk-Based Screening Lavel for graund water ingestion (g-seilfureairg

{rag/L) WPy ol respieatle pariiculate consantation frent ecl soums
sl daeair}
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TABLE X3.3 Continued

Fsk-tanay g Laseed for Froe-Phise Migration:

s B+ { Ka - pg )+ Pog - (g~ B} +93'u'-1.9

Be S men
withy
By, = G- fy
This egustion i appliceb e chienicsls with fnite solubdiity, 5,

s wikich e louids o amblend temperdture ol messure

RS, Risk-Based Screening Level for sot {mydhyl
Hegr alfective Herey's Ipw coefficient {ora-weaten/omd-air}
F{strted} / water partition ceefficert {ombawat ol

Kg i

% pure chemics! agquenus solubility lmit (mylosate)
o dry saif bulk density {gscildom®soi}

Po densily of chemics! residu 4

- SO water content fom- e

f, sdenl phase volume fantion (ombeasiond o)
8y portslly fonyi-woibiom-aail) = By + By

G residual phase woid frantion (oo resdomovnid}

cict, 5, LED B Ko

s
witdy
By = G- By
This ¢

and which & #ds at ambient temperature and pressure

RBSLs Rk Based Screpning Level for solt fmgihgl

sorbed) 7 water partition cosfficient {umi-walvg-seil}

& puare shemingl sgosous sobbility it Dngdlowater)

Py dry sol felh denslty (g-anilomdscl]

28 density of chermical residust phase lquid (g-ressond-res}
B resitus phase wolume fraction (omresfomdgoll}

&y st parosity {om™iddomig

5 residual phave void fraction (o ressondoid)
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TABLE X3.4 Calculated Paramelers Used in Example Tier 1 Risk-Based Screening Level Equations of Talle X3.3

olatilizafon Factor: ground water & enclosed-space (indoor) vapor Vilatiization Factor: surficid sols to armblent aly {vapurs)
inhalation
For Qs = G, VEn w P 4 - Doty L @
VEe e =7 DFnt - T 31536000 secrymar K, v 0,
Ee N { 14 Bl o N ' ) Dy L or
Ha U DRl Dy Dagros 9 vE Log * .
For Q> 6, " Tfom -7 31536000 seciyear @
. 1 ) OF equations {1} or {2, choose whichawey b5 less.
T L D D B (g5~ 13‘} RacaL YF volatifization factor, surficiaf soff to ambient sir (geollion
Hf{“ K DF»,?S{: Lf?" Qs . i"t.\' e D—,’:\‘ﬁ'«»ﬁ e Eif‘? ¢ ‘ - '
with Panae  effective diffusion cosfficent far vadnse-zone soils
{ermdisec)
¢ oG b DF.  dispersion factor for anvhient sir (om/s)
s Ay s Do o 1y Mg effective Henry's law coefficient (om®water/ormi-air
it 3 ] b ; . Ksw solf to water partition coefficient (omdwaterdg-siif)
Womey zg:hﬁ:i:;?{z%z; ;_:;munﬁ water to enclosed space gy b thickness of surficial soils {c)
e e i vt evedec: f T e s they sl bulle density (9o}
g:z;‘: ;g:gg:g gi;ﬁ:ﬁg E‘a}aji;gg:? :;‘é:??;ﬁz ;ﬂ;ﬁ;g%&” y averasing time for surface emistion vapor fu {years)
' (ermirsnc
Bifeq  dlispersion factor for indoor air {omds
H;f r:;kﬁft{w‘e Hmp:,s; E;wigaeﬁircié;é (e,;ﬁwate, Jeri-air) Volatiization Factor: subsurface soit & arbisnt {outdoor) vapor
b depth to ground water {om) inhalatiors
ok enclosed-space foundation or wall thickness {om) VEx s W o
G ronvertive flow through basement slab (cav/xec) b s DF e bat Ky ;
31 foundation crack fraction {om®om®) Vo Dy /0 Her
Wolatilization Factor: ground waler o amibient {outdoor ) vapor H a finite depth of subsurface soil is specified, in addition
inhalation e 9 0 @
" . T D - 1o 31535000 sec/vear N
v AT T s e g s N
i {1 BF o - o T 1 Of equations {13 and {2}, choose whichever i less,
‘\ Dvsﬁ Y5 / S ) A . . N
i Yoy volatiliaation facton subsurface soll to amblent alr
Ve vOlatilization fagm; groundwater 10 ambient air {g-soiiered-air}
{em™water/ois-al) N Duros  ffective diffusion coefficient - vadose zone soils {cmésac)
Dt eﬁegﬁw ?Fﬁw‘-’if‘/ - averaged water table to surface B dispersion facor for ambient air {omds)
[P N i @ by -  erride Ferndeal
o ii‘ssma;siﬁﬁ factor for ambient air {oms} &: ;ﬁ?@”ﬁ;ﬁgf ;Qﬁ;;@?}ffgﬁf&ﬁf;@ﬁ?
Hesr aﬁecti\sg Henry's taw coefficient fom?-water/omi-air) Ly deptih to subsurface sofs {om}
Lo dapth b ground water (oo d dapth of affected subsurface solf layer (om)
T averaging tme for surface emission vapor fux {years)
Particulate Concentration: toial respirable particulate concentration
originating froos surficial soll souron
VF, i
. DFamh
Ve obal respivabla particulste concentration from soll sours
st}
DFane  dispersion factor for ambient afr {ovv'sec)
o8 Area total respirable particulate emission fux form source
fglami-gac)
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TABLE X3.4 Confinued

Wolatifization Factor: subsurface soil to enclnsed-space {indone} vapor
intalation

Effisctive Dzﬁ’uwn C@eﬁccsen’c iy hormugeneous soil lawers

For O, = 0,

VE, = !
ki K(,{ 1o er | Penes by 3 .
Hr DF&E‘ b Dagos b5 0J

34
DF»:.g) .

For i » 6,
1
WE, 118
v Kalet o Ve | Pavae B o }) Do L(,
by E}F a b Gl 4 D»‘ﬁ vemgs

I a finite depth of subsurface soll is specified, in addition

ds * P s
Vs = By TSR SAG0 Savear “

QF enuations {13 and {2}, choose whichevay is less

sedatifization fackos, subsurface soff o endosad-spraces air
{g-soi/om-airy
Ay slabs ares {om?}

YR e

This servi-empirical aquati&n is a:p;}éicabﬁe oy estimating the effective
diffusion cosfficient for porous media In homogeneoos saoil, Tt is used
here in caloulating & value for theovadose 2one (D o), the water
table capilary fringe region {Dw rcope AN I 504 -fifiedt enclosed space
basament foundation cracks {D&ﬁ ik

[y effective diffusion coefficient {om?faec)

Dhaie molecilar diffusion coefficient in air {om?rsec)
Due  molacular diffision coaflicient in watar {omdser)
Har effective Hanry'’s law coefficlent {omdwaterdomdaln)
B s0f air conterd {omd-gircrad-soil)

B 508 waber content (omd-water/om>-soil}

8, sl pornsity (c-airiorasoll), = 8, + B

Refs:

Miflington and Quirk (19611 Transactions of the Faraday Sodlety, 57,
2001207 Jury, WA, W F Speness, and W 3 Farmer, 1983
Behavior Assassment Model for Trace Drganics in Soit: 1. Model
Bescription, Journal of Envieonmental Quality, 12, 558-564; Bruedl, ©
1, and G, E. Hoag, 1985 The Diffusion of Gasnline-Rangs
Hydroaron Vapoes in Porous Media, Experimantal Methodologies, in
Froveedings of the NWWEAAR Conference on Pebdeum
Hydrocarbons and Organic Chemicals in Groundwater: Prevention,

Stection, and Pestoration, November 12-14, Houston,

Effeckive Diffusion Coefficient: averaged value ~ water table to sall
surfaca

Do effective diffusiity In soi-filled foundation cracks {cendssec)
Daning  Effective diffusion coefficient - vadose zone solls fomssen}
DFep  dispersion factoy for enclosed-space alr {fum/s)
Moy affective Herry's law coefficient fom3awater/omBain}
Koo sl 10 water partition cosfficient (omfvaterg-soll}
[ chapth to subsurface solls {om}
Lesk enclosert-space foundation or wall thickness {om)
Qs corwective flow through basement slab {omd/sec)
1} foundiation crack fraction {omdiom®)
o depth of affectad subsurface soi fayer {om)
T averating e 1o surface smission vapor fux {yearg)
Leaching Factor: soil b groundaater
v
Loy = ;g::’ {13
wiith
E Py =

If & finite depth of subsuifacs solf is specified, In addition
d, -
Whs iz ® ifq ]

Of equations {1} and {2), choose whichaver is fass.

feaching facto, soff to groundwaber {grsoilom®wat)
veptber infiltration rate {cmdyeer)

Lo soff 1o wisber partition coefficlert fom®water/g-soll}

Ly

Weew  faching facton soif pore water / ground water concentration
st fom b omd-eater)

U groundyveater Darcy velodty {omdyean)

W wirdth OF sousrce-anns anea {om)

Fowe aroundwater mixing zone height {om)

"3 averaging tme for leaching duration {years)

d. depth of affected subsurface soll laver {om)

. - LDW
Bt O B + (P 7 Do
Daros offactive diffusivity - averaged water table to surface
{emd/mec)
Do effective diffusivity - vadose zong solls (omésses)
Derne  effective diffusidly - capillary fringe zone {omdsse)
2" vatiose zone thickness {om)

Y capiltary 2nne thickness fom}

| L cdepth G groundwater (o), Lay = B + e

Eruation Tor Caloulating Total Sofl Concentration to Pore Water
Conveplration Ratio

Bt (K- )+ (Mo - 8

23
This equation is usad in caloulating the ratio belwasen total soll
concentration and pore-water concentration for vadose 2one soils,
Expiliorium partitioning of the chemical belvezen soil (sorbed), pore
waber, and pore vapors, et concentrations below the pum covnponent
pore water {3} o pore vapor seturation Mol {Tages) 15 asstmed,

W =

Ker solt o water partition coefficient (Crd-water/g-soll)
Cotan  Seturated vepor concentration {mgmbair}

Hg effective Herry's Iaw coefficlent {om-wateromd-air}

soif (sorbad) / veater partition cosfficlentt {om¥wat/g-soil)

5 pure chemical aquetius sobubdity fimit (o)
£ dry soit bulk density {glom®y

g, solf air content fomd-ain/omd-soil)

a, soif veakey content {ovd-water/and-soll)
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TABLE X3.4 Confinued

Eepeation for caloudating disparsion factor for ambilent {outdoor} air

Equation for Caloulating Saturabed Vapor Concentration

Uaip < W - B
A

Doy =

Fame  disparsion factor for ambignt air (omvsed), or
sotrce eassion fiux / vapor contentration
{g/em-seck{glom’)

A source-zone arsa {om')

Usie ambient alr velocily in mixing zone {cm/s)

W width of soures-zone area {om}

B miing xone halght {om}

Eeuation for caloulting dispersion factor Tor sntdised-space {indonr)
3ir

iy LMW e
780 mn Hatm R Ty gl

This squation i usad in calcolating the saturated vapor concentration
for & pure chiermical constivent. Seturated vapor conveniration is the
highest concentration achievable in air for 3 pure chamica! constituent
under tharmodynamic aquilibrium at g specified temperature,
Saturated vapor concentiation is a defined thenmodynamic property,

Cratvap #

Comwap  Soturated vapor concentration {mg/ov-air}
M miolesutar welght{n/g-mol}

28 saturated vapor pressure {mm Hg)

3 idead gas constant {atre-llg-mol-K), = 0.08206
T ambient temperature [(K), = 293

1

Do = b O g ey

DF.p  disparsion factor for endlosed-spacs gie {omsen), ar
seriroe ermission fux / vapor conceniration
{o/omi-seci{gloms)

ER anclosed space alr exchange rate (L/day)

Ly, enclosed space wolumeAniiliration area ratio {om]

Eauation for soil / water partibion coefficient

P

Fauation for caloulating effective Herry's law coefficient

For orgaric charmicals,
K:j = K\'}f; ? f{\"

¥ soit (sorbed) / waber partition coafficent {cav-wat/g-soll}
foc rags fraction of organic carbon in soll {(g-ow/g-soil}
o organic rarbon S wister partition cosficient {L-waterdagruc)

For inorganic chemicals, Kq is spacified dirsctiy.

Heg = H - LF

with

.. H oy b

H T 1 po

Hew effective Herry's Taw coefficient (co-vatersom3-air]
H Henry's law coufficiant (cmPwatar/cn-air)

H Henry's law coefficient (atm-m¥/mpl)

R ideat gas constant {(stm-/g-mol-K}, = 0.08206

Tomb arnbient temperaturs (K3, = 293

LF fraction of unionized chermical in water (g-raoldg-mol)

Equation for Caloulating Uninized Fraction of Jonizing Chemicals

Eeuation for pressure-drivern convertive flow through basemsnt slab

L 2w dP K- Xow

Qs

b En{
with

Ap 1y
R = o

This equation desryibes volumetric Bow through 2 cradk of total length
Koo, wiHh Rog, and & cylinderical prassure fisld and orthogonad flow
flelkd which axtends irdo the soll,

e corvective flow through basement slab {om¥feec)
A, siab area (o)

dap indoor/outdoor differential pressure (g/om-s%)

R sl permeability {omd)

Kespr stab parimeter - total cradk length {om}

Lo dapth o hottom of sish {om)

Wiy viscosity of air (g/omes), = L8 - 108

1 fourdation crack fraction (omP-cracks/om®total area)

Ref: Johnson, P G and R A Bttingss, 1991 “Meuristic Modet for
Predicting the Intrusion Rate of Contaminard Viapors irdo Bulldings”,
Environmental Science & Technology, 25, 1445-1452.

Faor acids,

. 1
U= T
for bases,

LIF =
utherwise,
UF =1

For chemicals capable of forming fons in the normal solldwater pi
rarge, the unionized fraction of the chemdeal i water is caloglated,
Only the unionized chermical is availabie for volatilization. Some
chemicals may form rultiple-chargad ions {K++ or X ~, aic.). Only
singhy-chiarged ons are inclhided in the current agiiations.

{F fraction of undonized chemibcal in weater {g-mobig-rol)
pH Solf/water pH
e acid jonization equilibrivm constant (logi0{g-mol/g-mall}

oy base fonization equilibrium corstant (oglg-raol/g-mol))

Ref:

Values of pK: and pkKy as defined in Waucoupe, 1992: Reviews of
Erwirommestal Cortamination and Toxoology, 123, 1-155,

Aatund, Leo R, 1986: “One-Step Method Determines Sour Water HS
Hazard, Olf and Gas lournal, 24 Pebruary, 55 - S8,
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TABLE X3.4 Confinued

Enuation fr Calculating Residual Solt Concerdration

Copror = $° Ky

Foor a pure chemical constituent, Corsey 5 2 value at and above which
the chenical is present in ol pore water 8t B3 agueous soiubifty fimit
arut 35 present in soil pos alr 2t its saturated vapor soncertration,
Tris value may also be taioulated as

C';:‘JM&;‘

X § el b S
H w10§ L/m?y Kon

Coasnn Tesithual soll concentration {mgskg)
Hoow sl to water pavtition cosfficlent {ombwater/g-aoil}
; pure chemical aguecus solubllity Bt {mgrL)

Caagap  Sturated vagor concentration {mg/m®-air)
H Hanne's fawe cosfficient {embwater/omd-air)
X3.2 Air-Inhalation of Vapors {Outdoors/indoors): X3.4 Ground Water-Inhalarion of Outdoor Vapors:
X3.2.1 In thas case chemical intake results from the inhala- X3.4.1 In this case chemical intake is a result of inhalation
tion of vapors. It is assumed that vapor concentrations remain of outdoor vapors which originate from dissolved chemicals in
constant over the duration of cxposure, and all inhaled chemi- ground water located some distance below ground surface.

’

cals are absorbed. Equations appearing in Table X33 for  Here the goal is to determine the RBSL for the chemical
estimating RBSLs for vapor concentrations in the breathing dissolved in ground water that corresponds to the target RBSE
zone follow guidance given in Ref. (21). Should the example  for outdoor vapors in the breathing zone, as given in Table
RBSL exceed the saturated vapor concentration for any indi- X33, A target vapor concentration value other than the RBSL
vidual component, “P<” is entered in the table to indicate that for inhalation (as discussed in X3.2.2) may be selected and
the selected risk level or hazard quotient cannot be reached or substituted for the RBSL,,, parameter appearing in the equa-
excecded for that chemical and the specified exposure scenario tions given in Table X3.3.

(unless an aerosol of the chemical is inhaled). X3.4.2 A conceptual model for the transport of chemicals

X3.2.2 A target vapor concentration other than the RBSL  from ground water to ambient air is depicted in Fig, X3.1.
for inhalation may be selected and used as an alternate Values for the parameters listed in this figure are specified in
inbalation criteria {(e.g. PEL-TWA or TLV-TWA workplace  Table X3.2. For simplicity, the relationship between outdoor air
exposure criteria as listed in Table X3.1, or odor nuisance  and dissolved ground water concentrations is represented in

level). The reader should review the restrictions and assump-  Table X3.3 by the “volatilization factor”, VF_,, o [(mglom’-
tions embodied in these alternate criteria for appropriatencss air)/(mg/em”-water)). defined in Table X3.4. It 15 based on the
before their use as Tier | air inhalation screening criteria. following assumptions:

X34.2.1 A constant dissolved chemical concentration in

e Tritov. el . g+ .
X3.3 Ground Water-Ingestion of Ground Water: oround water,

X3.3.1 Inthis case chemical intake results from ingestion of X3.4.2.2 Linear equilibrium partitioning between dissolved
ground water. It is assumed that the dissolved chemical chemicals in ground water and chemical vapors at the ground
concentrations remain constant over the duration of exposure. water table,

Equations appearing in Table X3.3 for estimating RBSLs for
drinking water concentrations follow guidance given in Ref.
(21} for ingestion of chemicals in drinking water. Should the
example RBSL exceed the pure component aqueous solubility

PO 20 N 205 105 X 100 196 00 00 90 00 00 90 P00 90 *®
limit for any component, “S<” is entered in the table to indicate Uy —*1 breathing 2one ; 55
the selected risk level or hazard quotient cannot be reached for U Py

that compound and the specified exposure scenario (unless
imrmiscible free-phase chemical is mixed with the mmgested

water). Lo diffusing vapors

X33.2 A target concentration other than the RBSL for § ¢ é é vadose zone
ground water ingestion may be selected and used as an ! LS capiiary zone
alternate ground water criteria (e.g., Federal drinking water
MCL. criteria for a public water supply as listed in Table X3.1, :
taste or odor threshold, or ecological criteria). Determining and [

grounchuater

validating the basis of these alternate criteria is necessary f W !
before their use as Tier 1 ground water ingestion screening
criteria. FiG. X3.1 Volatilization from Ground Water fo Ambient Alr
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%3.4.2.3 Sweady-state vapor- and liquid-phase diffusion
through the capillary fringe and vadose zones to ground
surface,

X3.42.4 No loss of chemical as it diffuses toward ground
surface (that is, no biodegradation}, and

X3.42.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X3.4.3 Should the example RBSL,,, exceed the pure com-
ponent solability for any individual component, “S<” is en-
tered in the table to indicate thar the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario.

X3.5 Ground Water-Inhalation of Enclosed-Space (indoor)
Vapors:

X3.5.1 In this case chemical intake results from the inhala-
tion of vapors in enclosed spaces. The chemical vapors
originate from dissolved chemicals in ground water located
some distance below ground surface. Here the goal is 1o
determinge the RBSL for the chemical dissolved in ground
water which corresponds to the target RBSL for vapors in the
breathing zone as given in Table X3.3. A target vapor concen-
tration value other than the RBSL for inhalation (as discussed
in X3.2.7) may be substituted for the RBSL,, parameter
appearing in the equations given in Table X33,

air

X352 A conceptual model for the transport of chemicals
from ground water to indoor air is depicted in Fig, X3.2. Vahues
for the parameters listed in this figure are specified in Table
X3.2. For simplicity, the relationship between enclosed-space
air and dissolved ground water concentrations is represented in
Table X3.3 by the “volatilization factor™ VF,, .. [(mglem™
air)/(mg/em’-water)] defined in Table X3.4. It is based on the
following assumptions:

X3.52.1 A constant dissolved chemical concentration in
ground water,

X3.5.2.2 Eguilibrium pastitioning between dissolved chemi-
cals in ground water and chemical vapors at the ground water
table,

enclosed space air exchange
PO N et o d
& o
& _— fourdation
SRR
7 i . foundation cracks
h diffusing vapors
L"f % N (6 é é vadose zong
A A S capiiary zone

1 aroundwester

FiG. X3.2 Volatilization from Ground Water to Enclosed-Space Alr
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%3.5.2.3 Steady-state vapor- and liquid-phase diffusion
through the capillary fringe, vadose zone, and foundation
cracks,

X3.5.2.4 No loss of chemical as it diffuses toward ground
surface (e.g., no biodegradation), and

3.5.2.5 Steady, well-mixed atmospheric dispersion of the
emanating vapors within the enclosed space, where the con-
vective transport into the building through foundation cracks or
openings is negligible in comparison with diffusive transport.

X3.5.3 Should the example RBSL,,, exceed the pure com-
ponent solubility for any individual component, “S<” is en-
tered in the table to indicate that the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario.

X3.6 Surficial Soils-Ingestion, Dermal Contact, and Vapor
and Particulate Inhalation:

X3.6.1 In this case it is assumed that chemical intake results
from a combination of intake routes, including: ingestion,
dermal absorption, and inhalation of both particulates and
vapors emanating from surficial soil.

X3.6.2 Eguations used to estimate intake resulting from
ingestion follow guidance given in Ref. (21) for ingestion of
chemicals in soil. For this route, it has been assumed that
surficial sotl chemical concentrations and intake rates remain
constant over the exposure duration. Other values for exposure
parameters (that is, child exposure or age-adjusted exposure)
should also be considered for ingestion of soil.

X3.6.3 Eguations used to estimate intake resulting from
dermal absorption follow guidance given in Ref. (31 for
dermal contact with chemicals in soil. For this route, it has
been assumed that surficial soil chemical concentrations and
absorption rates remain constant over the exposure duration.
Other values for exposure parameters (that is, child exposure or
age-adjusted exposure) should also be considered for dermal
contact with soil.

X3.6.4 Eqguatons used to estimate intake resulting from the
inhalation of particulates follow guidance given in Ref. (21) for
inhalation of airborne chemicals. For this route, it has been
assumed that surficial soil chemical concentrations, intake
rates, and atmospheric particulate concentrations remain con-
stant over the exposure duration.

X3.6.5 Equations used to estimate intake resulting from the
inhalation of airbome chemicals which have volatilized from
surficial soils follow guidance given in Ref. (21) for inhalation
of airborne chemicals.

%3.6.6 A conceptual model for the volatilization of chemi-
cals from surficial soils to outdoor air is depicted in Fig. X3.3.
Values for the parameters listed in this figure are specified in
Table X3.2. For simplicity, the relationship between outdoor air
and surficial soil concentrations is represented in Table X3.3 by
the “volatilization factor” VF,, [(mg/cm -air)/(mg/g-soib)] de-
fined in Table X3.4. It is based on the following assumptions:

X3.6.6.1 Uniformly distributed chemical throughout the
depth range of 0-L_, {cm) below ground surface,
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FiG. ¥3.3 Volatilization from Surficial Soils

X3.6.6.2 Lincar equilibrivm partitiomng within the soil
matrix between sorbed, dissolved, and vapor phases, where the
partitioning 1s a function of constant chemical- and soil-
specific parameters.

X3.6.6.3 Diffusion through the surficial soil layer,

X3.6.6.4 No loss of chemical as it diffuses toward ground
surface (e.g., no biodegradation}, and

3.6.6.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

¥3.6.7 In the cvent that the time-averaged flux exceeds that
which would occur if all chemical initially present in the
surficial soil zone volatilized during the exposure period, then
the volatilization factor is determined from a mass balance
assuming that all chemical initially present in the surficial soil
zone volatilizes during the exposure period.

X3.6.8 Eguations for calculating the apportionment of
chemical from this presumed combination of surficial seil
intake routes, including ingestion, dermal absorption, inhala-
tion of particulates, and inhalation of vapors cmanating from
surficial soil, are specified in Table X3.3, The calculated values
are included in Table X3.1.

X3.7 Subsurface Soils-Inhalation of Cutdoor Vapors:

X3.7.1 In this case chemical intake is a result of inhalation
of outdoor vapors which originate from chemicals contained in
subsurface soils located some distance below ground surface.
Here the goal is to determine the RBSL for subsurface soils
that corresponds to the target RBSL for outdoor vapors in the
breathing zone, as given in X3.2. A target vapor concentration
other than the RBSL for inhalation {(as discussed in X3.2.2)
may be substituted for the RBSL,, parameter appearing in the
equations given in Table X3.3.

X3.7.2 A conceptual model for the transport of chemicals
from subsurface soils to ambient air is depicted in Fig. X34,
VYalues for the parameters listed in this figure are specified in
Table X3.2. For simplicity, the relationship between outdoor air
and soil concentration is represented in Table X3.3 by the
“volatifization factor”, VE, o [{mg/em’®-ainy/(mg/g-soib], de-
fined in Table X3.4. It is based on the following assumptions:
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X3.7.2.1 A constant chemical concentration in subsurface
soils.

X3.7.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where the
partitioning is a function of comstant chemical- and soil-
specific parameters,

X3.7.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone to ground surface,

X3.7.2.4 No loss of chemical as it diffuses toward ground
surface (that is, no biodegradation), and

X3.7.2.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X3.7.3 Should the example RBSL exceed the value for
which the equilibrated vapor and dissolved pore-water phases
become satarated, C, ., Img/kg-soil] (see Table X3.4 for
calculation of this value), “Rs” is entered into the table to
indicate the sclected risk level or hazard quotient cannot be
reached or exceeded for that compound and the specified
exposure scenario (even if free-phase product or precipitate is
present in the soil).

X3.7.4 No mass balance is imposed on the volatilization
factor VF_ 0.

X3.74.1 Hthe depth of the affected subsurface soil layer, d,
can be specified, a mass balance can be imposed.

X3.7.42 In the ¢vent that the time-averaged flux exceeds
that which would occur if all the chemical initially present in
the affected subsurface soil layer volatilized during the expo-
sure period, then the volatilization factor can be determined
from a mass balance assuming that all chemical present in the
subsurface soil layer volatilizes during the exposure period.

X3.8 Subsurface Soils-Inhalation of Enclosed-Space (In-

door) Yapors:

X3.8.1 In this case chemical intake is a result of inhalation
of enclosed-space vapors which originate from chenucals
contained in subsurface soils located some distance below
ground surface. Here the goal is to determine the RBSL for
subsurface soils that corresponds to the target RBSL for indoor
vapors, as given in Table X3.3. A target vapor concentration
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other than the RBSL for mhalation (as discussed in X3.2.2)
may be substituted for the RBSL,, parameter appearing in
Tabie 3.3,

X3.8.2 A conceptual model for the transport of chemicals
from subsurface soils to enclosed spaces is depicted in Fig.
¥3.5. Values for the parameters listed in this figure are
specified in Table X3.2. For simplicity, the relationship be-
tween indoor air and soil concentrations 18 represented in Table
X3.3 by the “volatilization factor”, VF, . [( mg/om”-airl(mg/
g-soil}], defined in Table X3.4. 1t is based on the following
assumptions:

X38.2.1 A constant chemical concentration in subsurface
soils,

X3.8.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where the
partitioning is a function of constant chemical- and soil-
specific parameters,

X3.8.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone and foundation cracks,

X3.82.4 No loss of chemical as it diffuses toward the
indoor space (that is, no biodegradation), and

X3.8.2.5 Well-mixed atmospheric dispersion of the emanat-
ing vapors within the enclosed space.

X3.8.3 Should the example RBSLs exceed the value for
which the equilibrated vapor and dissolved pore-water phases
become saturated, C, .y [mg/keg-soil] (see Table X34 for
calculation of this value), “Rs” is entered into the table to
indicate the selected risk level or hazard quotient cannot be
reached or exceeded for that compound and the specified
exposure scenario {even if free-phase product or precipitate is
present in the soil).

X3.8.4 No mass balance is imposed on the volatilization
factor VF, .,

X384.1 If the depth of the affected subsurface soil fayer, d,,
can be specified. a mass balance can be imposed.

X3.8.4.2 In the event that the time-averaged flux exceeds
that which would occur if all the chemical initially present in
the affected subsurface soil layer volatilized during the expo-
sure period, then the volatilization factor can be determined

TN
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from a mass balance assuming that all chemical present in the
subsuarface soil layer volatilizes during the exposure period.

X399 Subsurfuce Soils-Leaching to Ground Water:

X3.9.1 In this case chemical intake is a result of chemicals
icaching from subsurface soils, followed by mnhalation of
enclosed-space vapors, inhalation of cutdoor vapors, or inges-
tion of ground water as discussed in X 3.1 through X3.3, Here
the goal is to determine the RBSL for subsurface soils that
correspond to the target RBSLs for the inhalation or ground
water ingestion routes. A target ground water concentration
other than an RBSL for ground water (as discussed in X3.2.2),
may be substituted for the RBSL,,, parameter appearing in the
cquations given in Table X33,

X3.98.2 A conceptual model for the leaching of chemicals
from subsurface soils to ground water is depicted in Fig, X3.6,
Values for the parameters listed in this figure are specified in
Table X3.2. For simplicity, the ratio between total soil concen-
tration and ground water concentration is represented in Table
X3.3 by the soil/ground water “leaching factor”, LF,, [(mg/
cm’-water)/(mg/g-soil)], defined in Table X3.4. This factor is
based on the following assumptions:

X39.2.1 A constant chemical concentration in subsurface
soils,

X3.9.2.2 Lincar equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, whese the
partitioning 18 a function of constant chemical- and soil-
specific parameters,

X3.9.2.3 Stcady-state leaching from the vadose zone to
ground water resulting from the constant leaching rate I [cnm/s],

X3.5.2.4 The contribution of vapor- and liquid-phase diffu-
sion through the vadose zone is negligible in comparison to the
transport due to infilration,

%3.9.2.5 No loss of chemical as it feaches toward ground
water (¢.g., no biodegradation), and,

X3952.6 Steady well-mixed dispersion of the leachate
within a ground water “mixing zong”.

X3.9.3 Should the example RBSLs exceed the value for

which the equilibrated vapor and dissolved pore-water phases
become saturated (see Table X34 for calculation of this value),

infiltrating vatlose zone
waler % % %
& %
i e % 4‘ d.‘(
T
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FIG. X3.8 Leaching from Subsurface Soils o Ground Water
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“Rg” is entered in the table to indicate that the sclected risk
fevel or hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario {(even if free-
phase product or precipitate is present in the soil).

X394 In some regulatory programs, “dilution attenuation
factors” (IDAFS) are currently being proposed based on fate and
transport modeling results. A DAF is typically defined as the
ratio of a target ground water concentration divided by the
source leachate concentration. This is identical in definition to
the ground water/soil pore water leaching factor, LE ...
defined in Table X3.4 as a component of the soil/ground water
leaching factor, LF .

X3.9.5 No mass balance is imposed on the leaching factor,
LF

X3.9.5.1 If the depth of the affected subsurface soil layer, d,
can be specificd, a mass balance can be imposed.

%3.9.5.2 2 In the event that the time-averaged leaching rate
exceeds that which would occur if all the chemical nitially
present in the affected soil layer leached during the exposure
period, then the leaching factor can be determined from a mass
balance assuming that all chemical present in the soil layer
leached to ground water during the exposure period.

3.10 Free-phase Liguid Migration in Unsarurated Soils:

X3.10.1 In this case our concern i8 in the further migration
of nonagueous phase liguid (NAPL) chemical in unsaturated
soil, from a source zone toward the water table and on towards
a potential receptor, or from a source zone toward a building
hascment, sump, or utility conduit, and on towards a potential
receptor.

X3.10.2 The presence of a pure-chemical NAPL may be
estimated using the equation for C, ; and K, in Table X3.4
with parameters for unsaturated soil. For mixtures of
chemicals, C,,, .y 18 irrelevant for predicting the presence or
absence of a NAPL. The presence or absence of a NAPL
consisting of & liquid mixture of immiscible chemicals may be
estimated using calculations presented by Johnson et al. (22),
Mott (23}, or Mariner (34).

X3.10.3 A NAPL may be present in unsaturated soil, but
immobile. The mobility of a NAPL is not govemed by
thermodynamic properties, but by capiliary, viscous, and grav-
ity forces acting on the bulk NAPL phase. Wilson and Conrad
(253, Conrad et al. (26), and Cohen and Mercer (27) have
compiled experimental data on measured levels of immobile
NAPL for a range of chemicals and soil types. This immobile
NAPL level is specified as residual saturation, 5, which is the
fraction of available soil pore volume taken up by the immobile
NAPL.

X3.10.4 We calculate an example RBSL, for pure chemicals
using the cquation specified in Table X33, It is based on the
following assumptions:

X3.10.4.1 A specified value of S, consistent with sandy soil
conditions and the prior references (X3.10.3),

X3.10.4.2 A local measurement of chemical concentration
in soil,

X3.10.4.3 Lincar equilbrium partitioning within the soil
matrix between sorbed, dissolved, vapor, and imumiscible
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phases, where the partitioning is a function of constant
chemical- and soil-specific parameters.

X3.10.4.4 A pure chemical immiscible phase,

X3.10.4.5 Displacement of the air-phase soil void volume
by the NAPL volume, and,

X3.10.4.6 The pure chemical is presumed to be a hquid at
standard conditions of temperature and pressure,

X3.10.5 The RBSL, value is not applicable for chemicals
which are infinitely miscible in water. No NAPL will exist in
such a case.

X3.10.6 For mixtures of chemicals, the pure chemical
RBSL, value is not relevant.

X3.10.6.1 The RBSL, value for a chemical mixture may be
estimated using calculations presented by Johuson et al. (22},
Mott (23}, or Mariner (24), and a specified residual saturation
fevel. 5, or,

X3.10.6.2 The equation specified in Table X33 may be
conservatively simplified, using the bulk density of the liquid
chemical mixture, and neglecting the sorbed, dissolved, and
vapor phase contribution to soil concentration.

X3.10.7 The calculated RBSL, value is intended to be
conservative with respect to presumed conditions.

X3.10.7.1 The applicable value of §, may be smaller for
soils which are more course grained (for example, gravel) than
the presumed sandy soil. The applicable value of S, may be
much greater for soils which are finer grained (for example, silt
and clay) than the presumed sandy soil.

X3.10.7.2 The selected 5, value is intended to be conserva-
tive with respect to chemical type and properties. A larger §,
value may be applicable (for ecxample, with some non-
Newtonian fluids).

X3.10.8 Site characterization 1s a necessary component of
determining the mobility or imumobility of a NAPL in unsatu-
rated soils. More information on estimating the presence and
mebility of a NAPL is given in AP (28) and USEPA (29).

X3.10.9 Use of the example RBSL concentrations in this
appendix for leaching from soils to ground water (X3.9)
presumes that further migration of NAPL in unsaturated soil
from a source zong toward the water table is insignificant.

X3.10.10 The example RBSL concentrations in this appen-
dix regarding inhalation of indoor or cutdoor vapors (X3.7 and
X3.8) originating from soils are conservative with respect to
the presence or absence of a NAPL phase, anless that NAPL
phase has migrated near or into a building basement, samp, or
atifity conduit that may shorten the diffusive vapor transport
pathway.

X311 Free-phase Liquid Migration in Saturated Soils:

X3.11.1 In this case our concern is in the further migration
of non-aqueous phase liquid (NAPL) chemical in saturated
soil, from a source zone toward a potential receptor.

X3.11.1.1 The presence of a NAPL may be detected or
confirmed through the use of ground water monitoring wells.

X3.11.1.2 The presence of a pure-chemical NAPL may be
estimated using the equation for C_, . and K, in Table X34
using parameters for saturated soil, including 8, = 84. For
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mixtures of chemucals, C,,, .y is trelevant for predicting the
presence or absence of a NAPL. The presence or absence of a
NAPL consisting of a liguid mixture of imumiscible chemicals
may be estimated using algebraic calculations presented by
Johnson et al. (22), Mott (23), or Mariner (34).

X3A.11.2 As for unsaturated soils (X3.14.3), a NAPL may be
present in saturated soil, but immobile. The mobility of a
NAPL is not governed by thermodynamic properties, but by
capiliary, viscous, and gravity forces acting on the bulk NAPL
phase. Wilson and Conrad (25) and Conrad, et al., {26) have
measured levels of immobile NAPL at values of residual
saturation, S,, which are generally greater than that for similar
unsaturated soils.

X3.11.3 We may calculate an example RBSL, for pure
chemicals in saturated soil using the equation specified in Table
*3.3. This is based on the following assumptions:

X3A.11.3.1 A specified value of S, consistent with sandy soil
conditions and the prior references (X3.10.3),

3.11.3.2 A local measurement of chemical concentration
in soil,

X3.11.3.3 Lipear equlibricm partitioning within the soil
matrix between sorbed, dissolved, and immiscible phases,
where the partitioning is a function of constant chemacal- and
sotl-specific parameters,

X3.11.3.4 A pure chemical immiscible phase,

X3.11.3.5 Displacement of the water-phase soil void vol-
ume by the NAPL volume, and,

X3.11.3.6 The pare chemical 1s a liguid at standard condi-
tions of temperature and pressure.

X3.11.4 The RBSL, value is not applicable for chemicals
which are infinitely miscible in water. No NAPL will exist in
such a case.

X3.11.5 For muxtures of chemicals, the pure chemical
RBSL, value is sot relevant.

X3.11.5.1 The RBSL, value for a chemical mixture in
saturated soil may be estimated using calculations presented
Johnson et al. (22), Mott {23), or Mariner (24), and a specified
residual saturation level, S, or,

X3.11.5.2 The equation specified in Table X3.3 may be
conservatively simplified, using the bulk density of the liquid
chemical mixture, and neglecting the sorbed and dissolved
phase contribution to soil concentration.

X3.11.6 The calculated RBSL, value is intended to be
conservative with respect 1o presumed conditions,

X3.11.6.1 The applicable value of 5, may be smaller for
soils which are more course grained (for example, gravel) than
the presumed sandy soil. The applicable value of §, may be
much greater for soils which are finer grained (for example, silt
and clay) than the presumed sandy soil.

X3.11.6.2 The selected 5, value is intended to be conserva-
tive with respect to chemical type and properties. A larger 5,
value may be applicable (for example, with some non-
Newtonian fluids).

X3.31.7 Site characterization is a necessary component of
determining the mobility or immobility of a NAPL in saturated
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soils. More information on estimating the presence and mobil-
ity of a NAPL is given in APT (238) and USEPA (29).

X3.11.8 Use of the example RBSL concentrations in this
appendix for ingestion of ground water (X3.3) or inhalation of
indoor or outdoor vapors (X3.4 and X3.5) originating from
ground water presumes that further migration of NAPL in
saturated soil from a source zone toward a potential receptor is
insignificant.

X3.12 Parameter Values:

X3.12.1 The eguations in Table X33 refer to intermediate
parameters (volatilization factors, leaching factors, dispersion
factors, and so forth). Equations for these intermediate param-
eters are specified in Table X3.4. The chemical-specific calcu-
fated values for these intermediate parameters are given in
Table X3.1,

X3.12.2 The IRIS- and HEAST-referenced slope factor and
reference dose values, the OSHA PEL-TWA and ACGIH
TLV-TWA concentration values, and the Federal MCL vakues
cited in Table X3.1 are the most recently updated vakues
available prior to the writing of this appendix. They are cited at
their last revised date.

X3.12.3 Table X3.2 lists exposure parameters used to cal-
culate the example RBSLs (Table X3.1). All values given are
based on adult male exposures only. With the exception of the
dermal exposure parameters (SA, M, and RAF)), the values
given are reasonable maximum exposure (RME) values pre-
sented in Ref. (38) and are cither upper bound estimates or
average estimates for each individual exposure parameter, as
appropriate. Other values for exposure parameters (that is,
child exposure or age-adjusted exposure) may be selected and
substituted for the parameters appearing in the equations given
inn Tables ¥3.3 and X3.4.

X3.12.4 The skin surface area, SA = 3160 cm?’/day. is based
on the seasonally-averaged surface area of the head, hands, and
forearms for adult males given in Ref. (3%). The soil-to-skin
adherence factor, M [mg/em™ 1. and dermal relative absorption
factor, RAF, [mg-absorbed/mg-apphed], are based on guid-
ance issued by Ref. (31). Other values for skin surface area
(that is, child or age-adjusted values) may be selected and
substituted for the parameters appearing in the equations given
in Tables X3.3 and X3.4.

X3.12.5 Soil properties are based on ftypical values for
sandy soils and are consistent with values given in Ref. (32).
With respect to chemical vapor and agueous transport through
the soil matrix, RBSL values calculated for assumed sandy soil
conditions will lead to overpredictions of actual exposure in
cases where the actual soil texture is finer grained than the
presumed sandy soil (e.g. for loam or clay).

X3.12.6 Physical dimensions are consistent with the scale
of a moderate-sized chemucal release site (approximately 2023
m?),

X3.12.7 Particulate cmission rates were estimated by the
approach presented by Cowherd, ¢t al. (33). It was assumed
that the mode of the surficial soil size distribution was 2 mm,
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the erosion potential was unlimited. there was no vegetative
cover or non-erodable clements, and the mean anmual wind
speed was 4 m/s,

3.12.8 The chemical-specific parameters used are defined
in Table X3.2. Values are specified in Table X3.1.

3.12.8.1 Linear equilibrium partitioning between soil pore
water, soil pore air, and soil sorbed phases is presumed at soil
pore vapor concentrations below the saturated vapor limit,
Coatvap defined in Table X3.4, and at pore water concentrations
below the agueous solubility limit, 5, defined o Table X3.2.
Under these conditions volumetric fractions of a chemical
partitioned between each of these phases within the soil matrix
are defined through mass and species conservation by the
following cquations:

FRAC [ em® — vapor] H, 6, i s
Ay apor ] CmS — 50il —% - Hen“{}a +Kd P, +9w (1 »«../)
FRAC - om® - water | g, a6
i T T H 8, +K, p, T8, (X3.6)
FRAC [ cm® — sorhed K, p. ) .
Plsomed | oS TG0 | Ho, 8, TK,p, 18, (X3.7)

Parameters in these equations are defined in Table X3.2. For
individual chemicals these fractions are plotted in Table X3.1
as a function of the soil saturation ratio, 8,,/8,. This series of
plots illustrate the diverse range of partitioning behavior for the
selection of chemicals presented in this appendix. Given a
convective or diffusive driving force, those chemicals with a
higher mass fraction in pore water or pore air are expected to
be transported at a higher phase velocity through the soil
matrix, Presumed vadose-zone conditions correspond to 4
single value of the soil saturation ratio, 8,/8; = 0.12/0.38, on
this plot. Saturated soil corresponds o a value of 8,/8; = 1.

X3.12.8.2 Vapor- and liquid-phase diffusive transport
through soils resulting in air emissions, under conditions of
lincar equilibrium partitioning between soil pore water, pore
alr, and soil sorption, is governed by a single group of
chemical- and soil-specific terms as indicated in Table X3.4 for
the volatilization factor for surficial soils to ambient air. This
group of terms, (H, - D, /K, - p, ) [em™/sec), is plotted in
Table X3.1 as a function of the soil saturation ratio, 8,,/8;. This
series of plots illustrate, for a single chemical, the sensitivity of
diffusive transport to changes in soil moisture. Each of two
terms for the effective diffusion coefficient (from Table X3 4} i
plotted, Mustrating the relative contribution of water- and
air-phase diffusive transport. For the sclection of chemicals
presented in this appendix. the wide range in magnitude for
(H.ee - Doy /K., - po) values illustrates the chemical-specific
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variation in diffusive trangport through soils, Presumed vadose-
rone conditions correspond to a single value of the soil
saturation ratio, 8,/ = 0.12/0.38, on cach of the plots.

X3.12.8.3 Chemical-specific water- and air-phase thermo-
dynamic parameters are presumed consistent in definition,
based on the equation:

atm — m? |

i g — mol
P, [mm Hg] MW [g/g — mol] atm mg mw’
- 5 [mg/L] 760 mm Hg g L
(X3.8)

Variability, especially for extremely low measured values of
aqueous solubility, S, and vapor pressure, P, 18 expected. For
ionic chemical specics, the unionized fraction of chemical in
water is used in the definition of Henry’s law coefficient, H.

X3.12.8.4 The pure chemical aqueous solubility limit is an
upper bound for most organic chemical concentrations dis-
solved in water. For chemicals which may form ions in water
inclading acids, bases, and salts, the pure component agueous
solubility Hmit is not necessarily an upper bound solubility
fimit. For inorganic species in this appendix, the agueous
solubility limit will depend on the soil/water pH, the chemical
oxidation state, and the sohution matrix.

X3.12.8.5 The organic carbon/water partition coefficient,
Koo is relatively insensitive to soil type for non-ionizing
organic chemmicals in moist soils. For organic chemicals which
form ions within the sormal soil pH range, including acids,
bases, and salts, K__ will vary with soil/water pH. the chemical
oxidation state. and the composition of the soil matrix. The
soil/water partition coefficient, K, for inorganic chemicals.
including acids, bases, and salts, will vary with the soil/water
pH, the chemical oxidation state, and the composition of the
soil matrix.

X3.12.9 In this development, surficial soils are defined as
those soils present within | m of ground swface. Subsurface
soil RBSLs are based on assumed source depths of 1 m.
Ground water is assumed to be located 3 m below ground
surface.

X3.12.10 Once again, the reader is reminded that the
parameter (and cosresponding example RBSL) values and
selected chemicals are presented here as examples only, and
are not intended to be used as standards. At best, the parameters
are reasonable values based on current information and pro-
fessional judgment. The reader should review and verify all
assumptions prior to using any of the example RBSLs as
screening values.
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X4. THE ROLE OF MATHEMATICAL MODELING IN THE RISK-BASED CORRECTIVE ACTION PROCESS

X4.1 Introduction:

X411 In the context of Risk-Based Corrective Action
(RBCA), mathematical “models” are any of the calculations
that are used in the various steps of the RBCA process
ultimately to determine corrective action goals, for example,
Risk-Based Screeming Levels (RBSL), Site-Specific Target
Levels (S88TL), and to develop a strategy for achicving these
goals. These models are most typically associated with assess-
ing the fate and transport of chemicals in the environment, that
is, they are used to estimate the direction, rate, and cxtent of
chemical migration. However, “models”™ are also used to
estimate chemical uptake that result from environmental expo-
sure and to interpret, interpolate, extrapolate, and assess the
consistency of site characterization data, historical monitoring
data, and toxicological information. Models may play an
important role in the design of remedial action systems and
monitoring programs (for example, well locations, density, and
sampling frequency). Therefore, mathematical modeling is a
valuable tool that can provide information to the RBCA
PrOCESS.

X4.1.2 Refer to Guide D3RG and D718 for more infor-
mation relative to the proper application of mathematical
models used in fate and transport assessments,

X4.2 Uses of Marhemarical Modeling:

X4.2.1 Mathematical model results play a key role in many
phases of RBCA, including:

X4.2.1.1 Determining the potential urgency of response
based on estimated migration and attenuation rates of chemi-
cal{s) of concern,

X4.2.1.2 Developing Tier 1 RBSL,

X4.2.1.3 Determining Tier 2 S5TL.

X4.2.1.4 Designing Remedial Action Systems,

X4.2.1.5 Designing Monitoring Programs.

X4.2.2 Examples of predictive modeling uses in the RBCA
process inchude:

X4.2.2.1 The interpolation of site-specific data, as in the
case of drawing contour maps for ground water concentrations
and ground water elevations,

X4.22.2 The prediction of future chemical concentration
distributions based on historical trend data, as in the case of
ground water transport modeling,

X4.2.2.3 The recommendation of sampling locations and
sampling frequency based on current interpretation and future
expectations of the distribution of chemicals of concern, as in
the design of ground water monitoring networks,

the case of hydraulic control systems, and

X4.2.2.5 The calculation of cxposures as in the develop-
ment of RBSL and 5STL.

X4.2.3 Predictive modeling is not used in the RBCA pro-
cess as:

X4.23.1 A substitute for actual site characterization or
monitoring data.
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X4.3 Characteristics of Mathematical Models:

X4.3.1 Mathematical models are, at best, approximations of
the real processes {such as the movement of chemicals in the
subsurface, or the ingestion of chemicals contained in drinking
water) that they are used to represent. These models may be
relatively simple, as in the case of some analytical solutions:
they may also be complex, as is typically the case for
numerical chemical migration models. Regardless of the model
used certain key issues. specifically, the ability of the model to
produce accurate and valid results, and the uncertainty in the
results should be evaluated to determine how well these models
represent the real world processes they describe,

X4.3.2 The “accuracy” of modeling predictions i3 judged
based on how well the model predicts observed behavior, and
is dependent upon a number of factors inclhuding:

X4.3.2.% The approximations used when describing the real
system by mathematical cxpressions,

X4.3.2.2 The input parameters used to generate the results,
and

X4.3.2.3 The mathematical methods used to solve the gov-
erning equations (for example numerical solution methods,
expansion approximations).

X4.3.3 Modeling results are always subject to some degree
of uncertainty, due to variability and uncertainties in the input
parameters. Variability represents true heterogeneity in the
parameter while uncertainty represents ignorance (or lack of
perfect knowledge) about poorly characterized phenomena or
models. It is important to guantfy this uncertainty when
interpreting  the results. Many times this is done with a
“sensitivity” analysis in which the user quantifics the influence
of changes in input parameters on the model results, and then
identifies those parameters that most sigmficantly influence the
results. The use of probabilistic risk analysis (PRA), that is, use
of statistical distributions in place of single point values is a
useful alternative to account for both variability and uncer-
tainty in input data.

X4.3.4 The “validation” of model results is dependent upon
the model meeting pre-established objectives. This is usually
accomplished by comparing model results with known solu-
tions for simplified conditions. In some cases, for example,
conservative Tier 1 assessments, exposure and risk may be
overestimated as a means of addressing uncertainty. In this
case one might say that the models are often valid but not
accurate. However, the validation of model results, at any Tier,
should be to ensure that these are consistent with real world
expectations and when these differ, then the rationale for these
differences should be explicitly stated.

X4.4 Categories of Mathematical Models Used in the RBCA
Process:

X4.4.1 Mathematical models typically used in the RBCA
process can be grouped into broad categories:

X4.4.1.1 Chemical fate and transport (migration) models.

X4.4.1.2 Exposwre assessiment models,
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X4.4.1.3 Dosec-response assessment models, and
X4.4.1.4 Remedial action system design models.

X4.472 The determination of Tier 1 RBSL, or Tiers 2 and 3
35TL generally involves the use of the first three types of
models.

X4.5 Migration Models:

X4.5.1 Chemical(s) of concern can both migrate (for
example, by leaching, advection, dispersion) and transform
(for example, by biodegradation, hydrolysis, photolysis) in the
environment. Migration (that is, fate and transport) models
estimate the movement of a chemical through soil, ground
water, or air over time. Most models focus on specific
phenomena (for example, ground water transport) and vary in
complexity, depending on assumptions made during model
development. In RBCA. simple screening-level migration
models are utilized in Tiers 1 and 2. More complex models are
typicatly used in Tier 3.

X4.52 Most screening level migration models have a
simple mathematical form and are based on rough conceptual
approximations of actual phenomena. For example, the travel
time between the leading edge of a dissolved hydrocarbon
plume and a ground water well can be approximated by:

3048 m
retarded flow velocity (m/y)  30.5m/y

distance to well (m)

= 10 years (X4.1)

X4.5.3 Migration Model Data Requirements—Input data
requirements are dependent on the phenomenon being de-
scribed. For ground water migration models the most com-
monly required data for various screening level models in-
clude:

X4.5.3.1 Soil bulk density (can be estimated = 1.7 g/’cm?’),
X4.5.3.2 Total soil porosity (can be estimated =~ 0.38 cm?/
3‘

CI g,

X4.5.3.3 Soil meisture content can be conservatively esti-
mated in many cases. It is approximately equal to the total soil
porosity beneath the water table, and typically >0.05 con’-H, 0O/
cm’-soil in the vadose zone; this can be a critical input
parameter in the case of diffusion models and may require
site-specific determination unless conservative values are used,

%4.5.3.4 Fraction organic matter in soil particles (= 0.005 ~
0.01: sandy soil is often conservatively assumed); this can also
be a critical parameter requining site-specific determination
unless conservative values are used),

X4.5.3.5 Hydraulic conductivity {generally site-specific de-
termination required),

X4.5.3.6 Ground water gradient and flow direction (requires
site-specific determination),

X4.5.3.7 First-order decay-rate (generally requires site-
specific calibration, as models are very sensitive to this
parameter).

X4.5.4 Depending on the phenomenon being described or
the models selected, or both, other information may be
required. For example, if air dispersion of soil particnlates is
being described then values for parameters such as wind speed,
precipitation, temperature, soil particle size distributions, and
nearby building characteristics will be needed.
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X4.5.5 In most cases, measurements of the attenuation (that
is, decrease in concentration) of chemicals with distance away
from the source area will be required to calibrate and verify the
selected models. The amount of data required varies depending
on:

X4.5.5.1 The models used,

X4.5.5.2 Their sensitivity to changes in model input
parameters, and

X4.5.5.3 The contribution of the particular exposure path-
way to the total incremental exposure.

X4.5.6 Generally, site-specific physical and chemical prop-
ertics for the most semnsitive parameters are required for
migration models. However, in lien of site-specific data, values
selected from the literature may be used. These may take the
form of comsgrvative single point estimates of a range or
distribution of values may be used as an alternative to account
for variability and uncertainty in these parameters.,

X4.6 Exposure Models:

X4.6.1 “Exposure models” are used to estimate the chemi-
cal uptake resulting from various exposure routes, such as
ingestion, inhalation, and absorption,

X4.6.2 Typically. the models used to estimate uptake are
simple algebraic ¢xpressions, such as those contained in Ref
(21). Applicaton of these equations 1s illustrated in Appendix

%77
£ :’.

X4.6.3 Human exposure factors may be divided into recep-
tor physiologic parameters (for example, body weight, skin
surface area); contact rate (for example, consumption of water,
soil ingestion rate); and time activity patterns (for example,
time spent indoors/outdoors, time spent at work). Some of
these variables, particularly the physiologic parameters, have
been well characterized but others, such as time-activity
patterns, are less well docamented. Al parameters are subject
to variability (that is, true heterogeneity) and uncertainty (that
is, ignorance about a measurement). Thus, a range of vakues
may be available for any given parameter. The choice will
depend to some extent on the site-specific circumstances and
the level of conservatism desired. While point values are often
selected for simplicity, statistical distributions for many of the
exposure parameters are readily available for Tier 3 analyses.
Typical sources for these parameters are the USEPA Exposure
Factors Handbook (1997} (38} and the ATHC Exposure Factors
Sourcebook (1994) (34).

X4.7 Dose-Response Models:

X4.7.1 In general terms, the purpose of the toxicity assess-
ment is to collect and weigh the available evidence regarding
the potential for particular chemical(s) of concern to cause
adverse effects in exposed individuals and to provide an
estimate of the relationship between the extent of exposure to
a chemical and the increased likelihood and/or severity of
adverse effects. Adverse effects are broadly characterized as
carcinogenic (that is, resulting in tumor development or other
forms of cancer) or non-carcinogenic (that is, all other forms of
toxicity unrelated to cancer effects). Toxicity assessments
combine dose-response data with models to identify a “safe
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dose” or a toxic level for a particudar adverse effect. Most
cstimates of a “safe dose” or toxic level are based on animal
studies. In some instances, human eprdenuological information
is available on a chemical,

X4.7.2 For non-carcinogenic effects, toxicity criteria are
developed based on the concept that there is a “safe” (that is,
threshold) level of material to which humans can be exposed
without adverse effects. These criteria are often derived for
chronic exposures (usually over a lifetime) by applying safety
or uncertainty factors, or both, to intake levels observed to have
little or no cffects in human or animal studies. These are
typically expressed as an acceptable daily intake. that is, a
reference dose (RfD) or a reference concentration (REC).

X4.7.3 The threshold value for a chemical is often called the
no obscrved adverse effects level (NOAFEL). Scientists usually
estimate NOAELs from animal studics. An important value
that typically results from a NOAEL or LOAEL (Jowest
observed adverse effect levely value 18 the reference dose
(RED). A seference dose is an estimate (with an uncertainty
typically spanning an order of magnitude) of a daily exposure
(mg/kg/day) to the general human population {(including sen-
sitive subgroups) that is likely to be without an appreciable risk
of deleterious effects during a lifetime of exposure. The RfD
value is derived from the NOAEL or LOAEL by application of
uncertainty factors (UF) that reflect various types of data used
to estimate RfD¥s and an additional modifying factor (MF),
which is based on a professional judgment of the quality of the
entire database for the chemical. The oral RfD, for example, is
calculated from the following model:

(X4.2)

X4.7.4 The first step in evaluating potential carcinogenic
materials is determining if the material is a carcinogen based
on human or animal studics, or both. The USEPA curreatly has
a 5 tier (A-E) classification scheme.

X4.7.5 Depending on mode of action, carcinogenic materi-
als may be divided into genotoxic (that is, having the ability 0
mutate genctic matenial and eventually initiate tumors, also
referred to as mutagenic) or non-genotoxic (that is, non-
mutagenic). It is generally accepted that whereas non-
genotoxic materials may exhibit a threshold limit, any expo-
sure to genotoxic materials may eventally lead to tumor
formation. For materials classified as carcinogenic, a determi-
nation of an “acceptable” {genotoxicy or “safe” (non-
genotoxic) exposure level is driven by the mode of action that
produces the carcinogenic effect.

X4.7.6 Thus, for non-genctoxic materials, a “safe” level
may be derived from no (or lowest) observed adverse cffect
levels, that is, NOAEL or LOAEL (typically from amimal
studies) combined with safety and uncertainty factors. The
process is comparable to that used for non-cancer effects. This
general approach has not traditionally been used by the USEPA
untif recently (1996) when the USEPA proposed its new cancer
euidelines which take a more mechamstic approach (that 1s,
taking into account how the specific cancer is formed).
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X4.7.7 For genotoxic materials (where it is assumed that no
threshold exist), extrapolation methods are often used to
calculate a sufficiently low level that is “acceptable.” USEPA
typically use a mathematical modeling method (for example,
ong-hit, linear multi-stage) to calculate this value, often ex-
pressed numerically as a slope factors (SF) or unit risk factor
(URF).

X4.7.8 Toxicity values are generally obtained from a stan-
dard s¢t of reference tables (for example, USEPA’s Integrated
Risk Informarion System(8), IR1S, or the Health Effects Sum-
mary Assessment Tables, HEAST(®)). It is important to note
that the information in IRIS has typically only been peer-
reviewed within the EPA and may not always have support
from the external scientific community. Whereas the informa-
tion in IRIS has been subject to agency-wide data quality
review, the information in the HEAST tables has not. The user
is expected to consult the original assessment documents to
appreciate the strengths and limitations of the data in HEAST.
Thus. care should be exercised in using the values in HEAST.
Some state and local ageacies have toxicity factors they have
derived themselves or preferences for factors to use if neither
IRIS nor HEAST lists a value.

X4.7.9 1t is important to note that in extrapolating the
information obtained in animal studies to kumans, a number of
conservative assumptions are made.

X4.7.9.1 Fornoncarcinogens, a system of default safety and
uncertainty factors, as discussed above, (in multiples of 10) is
used to convert observation in animals to estimates in humans.

X4.79.2 For carcinogens. some of the most important
assumptions include:

X4.7.9.2.1 The results of the most sensitive animal study
are used to extrapolate to humans,

X4.79.2.2 In general, chemicals with any carcinogenic
activity in animals are assumed to be potential human
carcinogens, and

X4.7.9.2.3 No threshold exists for carcinogens (see section
X4.7.0).

X4.7.10 The uncertainty in the RfD and SF values are often
neglected in deference to single point values which are then
typically summarized in databases such as IRIS and HEAST
and are used subsequently as absolute estimates of risk.
Further, many of these conservative assumptions described
above are technical policy decisions made by the USEPA.
These assumptions are not explicitly defined and may obscure
the conservatisim in the safe dose estimate. Thus, care must be
exercised in interpreting results which have as a basis these
conservative toxicity cvalaations.

X4.8 Remedial Action System Design Models:

X4.8.1 Models may be used in the design of remedial action
systerns, such as those used to assess flow and removal rates
from vapor extraction systems, or deawdown versus pumping
rate behavior for pump and treat systems. Remedial system
practices generally also contain economic {(cost) models.
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X5, RISK-BASED CORRECTIVE ACTION FOR PROTECTION OF ECOLOGICAL RESOURCES (ECO-RBCA)

X5.1 Due to the success of the risk-based corrective action
(RBCA) program for petroleum release sites, there is a great
deal of interest and need for applying the RCA process to
assess risks to ecological resources. In response, ASTM
Subcommitiee E50.04 on Performance Standards Related to
Environmentally Regulated Programs has initiated develop-
ment of a standardized approach to RBCA for protection of
ecological resources (BEco-RBCA)® As developed in the hu-
man health-based approaches at petroleum release and chemi-
cal release sites, the new Eco-RBCA standard guide describes
a logical sequence of activities and decisions to be followed
from the time a chemical release is discovered until no further
action is achieved. The Eco-RBCA standard guide outlines an
approach for managing chemical release sites by integrating
site assessment, ecological risk asscssment, risk management,
and corrective action into a technically defensible framework.

X5.2 The Eco-RBCA standard guide provides a technically
defensible process for achieving no further action when appro-
priate. The Eco-RBCA process encourages user imtiatives and
stakeholder involvement in the development of a RBCA
program for a site. The Eco-RBCA standard guide (7) helps
direct risk based corrective action at a site, (2) compliments but
does not supersede federal, regional, or state regulations, and
(3} can be employed where there may not be a regulatory
framework for corrective action, or where agency guidance for
such actions does not exist, or where the user wishes to conduct
corrective action such as sites in voluntary cleanup programs or
under Brownfields initiatives. In addition, it can also be used as
a unifying framework where several different agency programs
affect the site.

X5.3 The Eco-RBCA standard guide outlines a tiered ap-
proach for conducting ecological evaluations as part of risk-
based corrective actions taken at sites impacted by a chemical
release. The RBCA process employs a tiered approach that
optimizes resources (for example, time, financial, and profes-
sional) while making scientifically sound risk management
decisions. Tiers are groupings of evaluations that start simple
and proceed to more complex evaluations when site conditions
warrant. Each tier represents a level of offort thar determings
whether risk based corrective action is appropriate and which
alternative action will eliminate or achicve an acceptable level
of risk to relevant ecological receptors and habitats, In carly
tiers, envirommentally conservative assessments are used to
compensate for the uncertainty of using limited data and
qualitative site information. In later tiers, site specific evalua-
tions are used to develop more realistic exposure estimates, and
the evaluation is refined by focusing on relevant ecological
receptors and habitats and chemicals identified in previous
tiers.

X5.4 The Eco-RBCA is divided into three tiers of evalua-
tion. The Tier 1 Evaluation inchudes the Tier | Ecological Risk

S When ASTM publishes the Eco-RBCA standard gnide, the information in that
guide supercedes the information in this appendix.
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Assessment and the Tier 1 decision peoint (Steps 3 and 4,
respectively), Likewise, the Tier 2 Evaluation includes the Tier
2 Ecological Risk Assessment (Step 5) and the Tier 2 decision
point (Step ©) and the Tier 3 Evaluation includes the Tier 3
Ecological Risk Assessment {Step 7) and the Tier 3 decision
point (Step 8). Before initiating an Eco-RBCA evaluation, an
initial site assessment is conducted.

X5.4.1 Step 1 - Initial Site Assessment (Planning and
Scoping j—At this first step it is determined whether or not an
Eco-RBCA cvaluation is appropriate for a site. This step
inclades the development of a site conceptual model and
consideration of appropriate regulatory requirements, technical
policy decisions, screening criteria. and the technical need for
an assessment of site conditions. No further action is appro-
priate if there are no complete or potentially complete exposure
pathways to relevant ecological receptors and habitats. Stake-
holders should be identified in Step 1 and decisions regarding
the above issues should include these stakeholders.

X542 Step 2 - Decision Point: Response Action
Evaluarion—The decision to proceed in Step 2 depends on the
technical policy decisions and the regulatory requirements (for
example, screening criteria identified in Step 1) and actual site
conditions. The decision point may lead to a no further action
decision (Step 10}, a Tier 1 Evahuation (Step 3), of an
evaluation of the peed for initial response actions. Initial
response actions may be required before thoroughly evaluating
risks to relevant ecological receptors and habitats in Step 3.
Such actions may be driven by any or all of the need to reduce
immediate threats to identified receptors, existing regulatory
requirements (for example, based on National Contingency
Plan (NCP) - il Spill Response, Clean Water Act (CWA) -
impact on migratory waterfowl), or approaches used success-
fully at sumilar sites. The user returns to Step 1 if response
actions are implemented. If response actions are not required
but further evaluation is appropriate. then the user proceeds to
the Tier | Evaluation in Step 3, which includes the Tier |
Ecological Risk Assessment (ERA).

X543 Step 3 - Tier I ERA--The Tier I ERA consists of two
phases: an Exposure Pathway Analysis and a Generic Screen-
ing Evaluation. The Tier 1 Exposure Pathway Analysis in-
volves refinement of a site conceptual model (defined by the
sources, potential transport pathways, and potential relevant
ecological receptors and habitats) and deciding if the potential
exposure pathways need to be evaluated further. If no poten-
tially complete exposure pathways exist, a no further action
decision should result, If further evaluation is appropriate, a
generic screening evaluation should be conducted. This could
include a screening cvaluation using relevant ecological
screening criteria (RESC), other relevant measurable criteria
(ORMC), multiple lines of cvidence, site observations (for
example, sitc walk, sketch diagram, written discussion,
checklist), or other nformation.

Ecological Risk Assessiment a decision is made as to whether

Charles Menzie (Exponent) pursuant to License Agreement. No forther reproductions authorized.

ED_006308_00000315-00077



a4l

site conditions meet the Tier 1 corrective action goals. This
decision should be based on consideration of the Tier |
Evaluation results, technical policy decisions, applicable
regulations, site owner management plans, land use and
controls, community values, and other stakcholder issues.
Implications of this decision may need further discussion in
terms of values and flexibility, If comparison of the site
conditions meet the corrective action goals, then the user
proceeds to Step 10 to determine whether no further action is
appropriate. If it is determined in Step 4 that the site may not
meet the corrective action goals, then either interim remedial
action. remedial action based on applicable corrective action
goals (Step 9), or further ticred evaluation is conducted (Step
5).

X545 Step 5 - Tier 2 ERA— The Tier 2 ERA is a
site-specific refinement of the Tier 1 ERA. Tier 2 may include
one or more of the following as necessary o support site-
specific decisions: (1) further refinement of the site conceptual
model in terms of relevant species and their exposure potential;
(2} a simple food web model and a narrower focus on relevant
ecological receptors and habitats and potentially complete
exposure pathways; (3) measwrements of species density and
diversity; (4) site chemical concentration measurement and
monitoring (for example, fate and transport modeling); (5)
simple models (with site specific data) to be used in refining
exposure estimates; and (6) other simple gualitative or quan-
titative evaluation methods.

X5.4.6 Step 6 - Tier 2 Decision Point—Following the Tier 2
ERA a decision is made as to whether site conditions meet the
Tier 2 corrective action goals. The decision options for the Tier
2 evaluation will be the same as for the Tier 1 decision point
described in Step 4. A decision is made as to whether to
consider no further action (through Step 14), assess remedial
alternatives (Step 9}, or proceed with further evaluation in Step
7.

X547 Step 7 - Tier 3 ERA--The Tier 3 ERA is a refinement
of Tier 2, and generally will involve a much greater expendi-
ture of resources than a Tier 2 ERA. Tier 3 may include the use
of probabilistic tools (for example, Monte Carlo or statistical
models) and in-situ tests (for example, caged bivalves, sub-
strate colonization). Numerical models, with detailed site
monitoring, may be applicable for chemical fate and transport
predictions.

X54.8 Step 8 - Tier 3 Decision Poini—Following the Tier 3
ERA a decision ig made as to whether site conditions meet the
Tier 3 corrective action goals. Decision options for the Tier 3
decision point are essentially the same as the Tier | and Tier 2
decision points described in Steps 4 and 6. One notable
exception is that further evaluation in another advanced tier is
not an option. A decision is required as to whether to assess
remedial alternatives (Step 9) or consider no further action
(Step 10).

X5.49 Step 9 - Implementing the Remedial Action
Program—The evaluation of potential remedial action alterna-
tives is conducted in Step 9. The effectivencss, likelihood of
success. and costs should be considered in evaluating,
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sefecting, and implementing a remedial action program. The
evaluation of the remedial action alternatives includes the
probability of success in meeting the corrective action goals,
costs, effectiveness of the remedial action in protecting rel-
evant ecological receptors and habitats, long-term reliability,
and the implementability and practicability of the remedial
action. In addition, the risks of remedial action should be
compared to the environmental benefits (for example, water
table drawdown in hydraulic containment and effect on
wetlands, soil removal in sensitive habitat) as part of the
process. Following the selection and implementation of reme-
dial action(s}, the user proceeds to the Step 10 decision point to
decide whether no further action or further monitoring is
appropriate.

X5.4.10 Step 10 - Monitoring Programs—In this step moni-
toring tasks (for example. water well monitoring, biota
monitoring, ecological surveys, confirmation of ground water
concentration attenuation) and the requirements for establish-
ing the effectivencss of the remedial action program are
determined. Such measures are needed to evaluate whether site
conditions are changing and if corrective action goals are met.
This step requires an evaluation of performance objectives
(that is, the corrective action goals) for their continued rel-
evance (for example, exposure model remains applicable).

5.5 The ASTM Eco-RBCA standard guide is under devel-
opment and is currently organized as follows:

X5.5.1 Section | gives an overview of the process:
X5.5.2 Section 2 lists referenced documents;
X5.5.3 Section 3 defines terminology used;

X5.5.4 Section 4
staﬂdmd guide;

X5.5.5 Section 5 provides general information pertinent to
the Eco-RBCA process; and

X5.5.6 Section 6 presents a description of the 10 steps of the
Eco-RBCA process.

- describes the significance and use of this

X5.6 The Eco-RBCA standard guide includes appendixes
that are provided for additional information but are considered
non-mandatory. The appendixes are as follows:

X5.6.1 Appendix X1 provides a brief description of the
Guide for RBCA (Guide E2081).

X5.6.2 Appendix X1 describes screening criteria and how
they can be applied within the Eco-RBCA framework;

¥5.6.3 Appendix X2 is a comparative analysis of ¢cological
risk assessment regulatory approaches and guidance docu-
ments;

X5.64 Appendix X3 presents the development and selec-
tion of relevant ecological screening benchmarks:

X5.6.5 Appendix X4 inchudes examples of the application
of the Eco-RBCA framework;

X5.6.6 Appendix X5 presents risk management issues; and

X5.6.7 Appendix X6 presents information on uncertainty
and probabilistic tools.

Charles Menzie (Exponent) pursuant to License Agreement. No forther reproductions authorized.

ED_006308_00000315-00078



E2081 - 00 (2015)

X6, ACTIVITY AND USE LIMITATIONS, INCLUDING INSTITUTIONAL AND ENGINEERING CONTROLS

X6.1 Corrective action programs utilizing risk-based cor-
rective action principles frequently rely on Activity and Use
Limitations (AULs), including institutional and engineering
controls, to achieve an “acceptable risk” or “no significant
risk’ level. For purposes of this appendix, “activity and use
limitations” are those controls that can be utilized by respon-
sible parties, voluntary parties and regulatory agencies in
corrective action programs where, as a part of the program,
certain levels of chemical releases may remain in soil or
ground water. AULs provide a mechanism to ensure that
exposures to remaining chemicals of concern are prevested or
reduced to protect human health and the environment. The
need for, implementability of. and enforceability of AULs
should be considered early in the risk based corrective action
process. Understanding the activity and land use are an integral
part of the risk based corrective action process. A user may
determing, based upon post-remedial action Jand or ground
water use, or deficiencies in the AULs that may be available,
that an AUL may not be feasible for the site. The user also
needs to identify who will be responsible for the long-term
enforcement and maintenance of any AULs that are used at a
site.

X6.2 Because of the importance of this issue to the long-
term success of risk-based corrective action, the ASTM E50.04
Subcommittee has initiated the development of a separate
standard guide concerning the use of AULs, including institu-
tional and engineering controls.” The AUL standard guide will
explain how AULs need to be considered during the risk based
cortective action process. The guidance document will also
describe the types of AULs that are commonly available,
including proprictary controls (for example, “deed
restrictions,” restrictive covenants, easements, cquitable servi-
tades); state and local govermment controls (for cxample,
zoning, building permits, well drilling prohibitions, water and
well use advisories); statutory enforcement tools (for example,
permits and consent orders); and informational devices (for
example, deed notices, notice to government agencies, record
notice, registiy act requirements, transfer act requirements).
Finally, the standard guide will discuss implementation
considerations, such as identifying the need for, reliability of,
and implementability of AULs carly in the corrective action
process; whether there are available state and local authorities
to implement an AUL; enforceability considerations; changes
in land use; and stakeholder participation issues.

X6.3 The purpose of this appendix is to provide basic
review information about AULs typically used in corrective
action programs.

X6.4 The types of AULs discussed in this appendix are as
follows:
1, Deed restrictions, OF restrictive Covenants;

7 When ASTM publishes the activity and use limitations standard guide, the
information in that guide supercedes the information ia this appendix.
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2. Use restrictions (nchuding well restriction areas);

3. Access controls;

4. Compliance monitoring;

5. Notice, including record notice, actual notice, and notice
to government authorities;

6. Registry act requirements;

7. Transfer act requirements;

8. Contractual obligations and agreements and

9. Restrictive zoning.

X6.5 AULs vary in both form and content. Agencies and
landowners can invoke various authorities and enforcement
mechanisms, both public and private, to implement any one or
a combination of the controls. For example, a state could adopt
a statutory mandate (see X6.6) requiring the use of deed
restrictions (see X6.7) as a way of enforcing use restrictions
{see X6.8) and posting signage (a type of access control, see
X6.9) alopz with comphance monitoring (X6.10). Thus, a
number of AULs are often used as overlapping strategies.

X6.6 Sratutory Mandatres:

X6.6.1 Some states’ ernergency response programs mandate
post-remedial action AULs and impose civil penalties for
non-compliance. These programs impose obligations on land-
owners to use one o more AULs described in this appendix.

X6.7 Deed Restrictions:

X6.7.1 Deed restrictions place limits and conditions on the
use and conveyance of land. They serve two purposes: inform-
ing prospective owners and tenants of the environmental status
of the property and ensuring long-term compliance with the
AULs that are necessary to maintain the integrity of the
remedial action over time. Certain legal rules must be satisfied
in order to make a deed restriction binding and enforceable, as
described below.

X6.7.2 The following four factors are required for a promise
in a deed restriction (also called a “restrictive covenant”} {0 be
held against current and subsequent landowners: (/) a writing,
{2} intention by both original parties that particular restrictions
be placed on the land in perpetuity, (3) “privity of estate.” and
{4) the restriction must “touch and concern the land.”

X6.7.2.1 The first requirement 18 that of a writing. Convey-
ances of land are legally required to be documented in a
writing. This legal rule also holds true for deed restrictions
affecting land. Ideally, a deed restriction used as an AUL would
be written with particularity and then recorded in the local land
records office, similar to the documentation and recording of a
sale of land. Parties may also encounter the requirement that
the deed restriction be executed “under seal.” a legal formality
that has been abandoned in most states.

X6.7.2.2 The second requirement that must be satisfied for
a deed restriction to be legal and binding is that the deed
restriction should be precisely reflect the parties” intentions in
regard to the scope and the duration of the restrictions.
Explicitly stating in the deed restriction that the parties intend
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the restriction to “run with the land” (that is, last forever and
bind subsequent owners) is strongly recommended.

X6.7.2.3 The third requirement, privity of estate, means that
only persons with a certain relationship to the land should be
able to enforce a deed restriction. Normally, deed restrictions
are promises between buver and sefler or between neighbors,
therefore, the state or a third party may aot enforce a deed
restriction. Privity of estate, however, should not be a barrier to
state enforcement of the deed restriction if the proper steps are
taken. Even in states that require privity of estate, this concerm
can be addressed if the landowner takes the land with knowl-
edge that the restrictions exist and might be enforced by these
third parties. Thus, it is strongly recommended that the deed
restriction explicitly state that the state’s environmental author-
ity may enforce the restriction. Recording of the deed restric-
tion serves as notice 1o anyone who later purchases or acquires
an interest in the land.

X6.7.2.4 Finally, a deed restriction is only enforceable if the
promuse “touches and concerns the fand.” This means that any
deed restriction used as an AUL should be written so that it
centers on the fand and use of the land. One fact to consider
when deciding if the promise™ touches and concerns the fand”
is whether the landowner’s legal interest in the land is
decreased in value due to the deed restriction. If the land is
devalued in this way, then the restriction could be said to
“touch and concern the land.” Note that the focus of the inquiry
is on the land itself; promuses that are personal in pature and
only concern human activities that happen to take place on the
land are least likely to be enforceable.

X6.7.3 Deed restrictions or restrictive covenants may be
difficult, at best, for some states to enforce. Due to the potential
difficulties encountered by a governmental agency in enforcing
a deed restriction, it may be appropriate for an individual state
to seek statutory and regulatory amendments to ensure that
such authority exits in regard to all deed restrictions for
environmental purposes. Specific legal advice should be sought
with respect to the validity of restrictive covenants or deed
restrictions in a particular state.

X6.7.4 Remedies for noncompliance with deed restrictions
comes in two forms: (1) persons or agencics may sue to obtain
a court order (injunction) requiring compliance or (2) if the
state statute allows for it, the state’s attorney general can seek
enforcement of civil penaltics, such as fines, for non-
compliance.

X6.7.5 A state program can require a landowner to continue
monitoring activities and to allow state environmental officials
access to the site to monitor compliance with AULS. These
arrangements may need to be placed in a deed restriction in
order to run with the land from owner to owner, but responsible
parties or voluntary partics may also be required to sign a
contract making these promises. Additionally, it should be
noted that almost every state has authority to issue adminis-
trative orders to accomplish some or all of the above.

X6.7.6 The above arrangements can also set out procedures
that will be followed if some emergency requires that the site
be disturbed. If, for example, underground utility lines must be
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repaired, the landowner would follow this protocol for han-
dling the soil and alerting the state authority.

X6.8 Use Restrictions:

X6.8.1 Use restrictions are usually the main component of a
deed restriction. Use restrictions describe appropriate and
inappropriate uses of the property in an effort to perpetuate the
benefits of the corrective action and cnsure property use that is
consistent with the applicable corrective action goals. Such
techniques also prohibit any person from making any use of the
site in a manner that creates an unacceptable risk to human
health or environment from exposure to the residual chemical
releases.

X6.8.2 Use restrictions may address uses that could disturb
a containment cap or unremediated soils. A prohibition of
drinking on-site ground water (or off-site ground water by
means of well restriction areas) may also be appropriate. Well
restriction arcas can be a form of AUL by providing notice of
chemicals of concern in ground water, and by prohibiting or
conditioning the constraction of wells in that arca. As an
example, a program may allow a restriction of record to
inchide ong or more of the following:

1. Restriction on property use;

2. Conditioning the change of use from nonresidential to
residential on compliance with all applicable cosrective action
goals for a residential property;

3. Restriction of access; or

4. Restriction of the disturbance of agency approved reme-
dial actions on the land.

X6.8.2.1 This technigue preserves the integrity of any
ground water remedial action by prohibiting or conditioning
the placement and use of any or all types of wells within the
area,

X6.8.2.2 Well restrictions of this nature would be subject to
agency approval, public notice and may include the restriction
on constructing or locating any wells within a particular
designated area. Notice of the well restriction is recorded on
the land records and with various health officials and municipal
officials. The restrictions can only be released upon a demon-
stration that the chemicals of concern in the well restriction
arca meet the corrective action goals,

X6.9 Access Conirols:

X6.9.1 Another subset of AULs is the control of access to
any particular site. Access can be controlled by measures such
as fencing and gates, security, posting or warnings. Consider-
ation of the way in which the site and adjacent land are used
help to determine the appropriate level and means of access
controls. For example, it should be noted whether the site is
focated in a residential or mixed neighborhood; whether
sensitive land use areas, such as playgrounds, day care centers,
or schools are within close proximity; or if the site provides a
pathway that is frequently traversed by neighbors. These
factors could increase the potential for and intensity of expo-
sures to the chemicals of concern.

X6.9.2 Access controls require continued maintenance and
custodial care for the length of time the AULs are 0 be
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in-place. Therefore, planning must occur for these activities,
including the financial responsibility for such up-keep.

X6.10 Monitoring Programs:

X6.10.1 Monitoring programs may be needed to ensure that
conditions do not deteriorate and result in unacceptable risks to
human health or the environment either on or off-site. For
example. monitoring programs may be needed to ensure that
chemical migration is not occurring at an unacceptable rate or
intensity.

X6.10.2 Monitoring may be conducted at scheduled
intervals, as necessary, during the period of time that the AULs
are in-place.

X6.10.3 Monitoring programs could include sampling
ground water monitoring wells located on-site, downgradient
of the site; sampling air from air monitoring stations on- and
off-site; and monitoring discharges t¢ nearby susface water
bodies.

X6.10.4 Monitoring programs reguires continued
maintenance, custodial care and data collection and evaluation
for a length of time. Therefore, planning must occur for these
activities, including the financial responsibility for such up-
keep.

X6.11 Notice:

X6.11.1 Regulations of this type generally provide potice of
specific location of chemical releases on the site, and disclose
any restrictions on access, use, and development of part or all
of the impacted site to preserve the integrity of the remedial
action. Three types of notice are described below (/) record
notice; (2) actoal notice; and (3) notice of governmental
authorities.

¥6.12 Record Notice:

X6.12.1 Some states require that sites having releases of
harardous waste file a notice on the land records providing to
any subsequent purchaser of the property information regard-
ing the past of current activities on the site.

X6.12.2 The record notice requirement may be broad; the
Program may require any property subject to a response action
to obtain a professional opinion and then prepare and record a
Grant of Environmental Restriction that is supported by that
opinion.

X6.12.3 The record notice requirement can be ancillary to a
transfer act (see X6.16), in which case recording of an
environmental statement is only required in conjunction with a
land trapsaction.

%6.13 Acrual Notice:

X6.13.1 States mayv require direct notice of environmental
information to other parties to a land transaction. These laws
protect potential buyers and tenants, and they also help ensure
that use restrictions and other AULs are perpetuated.

X6.13.2 Actual notice of an environmental defect or faiture
to provide notice may give a party the right to cancel the
transaction and result in civil penalties. For example, landlords
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and sellers who do not give notice as required by the state may
be liable for actual damages plus fines. Nonresidential tenants
who fail to notify landowners of suspected or actual hazardous
substance releases can have their leases canceled and are
subject to fines.

X6.14 Notice 10 Government Authorities

X6.14.1 Parties to a land trassaction may aiso be required to
file the environmental statement with various environmental
authorities. Notice to the govermoment may be required before
the transaction takes place.

X6.15 Registry Act Requirements:

X6.15.1 Some states have registry act programs that provide
for the maintenance of a registry of hazardous waste disposal
sites and the restriction of the use and transfer of Hsted sites.

X6.15.2 A typical registry act provides that the state envi-
ronmental agency establish and maintain a registry of all real
property which has been used for hazardous substance disposal
either illegally or before regulation of hazardous waste disposal
began in that state.

X6.15.3 The state agency is responsible for investigating
potential sites for inclusion on the registry. The registry
includes the location of the site and a listing of the hazardous
wastes on the property, and may also include a classification of
the level of health or environmental hazards presented by the
conditions on the property. The state agency may be required to
perform detatled inspections of the site to determine its priority
relative to other sites.

X6.15.4 Owners of sites proposed for inclusion on the
registry have rights of hearing and appeal, and owners of sites
on the registry have rights to modify or terminate their listing.
In some cases, the owner of a site proposed for inclusion on the
registry may obtain the withdrawal of the proposed registration
by entering into a consent agreement with the state. Such a
consent agreement establishes a timetable and responsibility
for remedial action.

X6.15.5 When a site appears on the state registry, the owner
must comply with regulatory requirements in regard to use and
transfer of the site. The use of a site listed on the registry may
not be changed without permission of the state agency. In
negotiations for a conveyance of a registered site, the owner
may be obligated to disclose the registration early in the
process, and permission of the state agency may be required to
convey a registered property. Under other schemes, permission
to convey 1s not required, but the seller must notify the state
agency of the transaction,

X6.15.6 Finally, registry acts require that the Hsting of a
property on a hazardous materials site registry be recorded in
the records of the appropriate locality so that the registration
will appear in the chain of title.

X6.16 Transfer Act Reguivements:

X6.16.1 Some states have transfer act programs that require
full evaluation of all environmental issues before or after the
transfer occurs. It may be that within such a program, AULs
can be established by way of consent order, administrative
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order, or some other technigue that establishes ymplementation
and continued responsibility for AULs.

X6.16.2 A typical transfer act imposes obligations and
confers rights on partics to 2 land wransaction arising out of the
environmental status of the property to be conveyed. Transfer
acts impose information obligations on the seller or lessor of a
property (see X6.16.3). That party must disclose general
information about strict lability for corrective action costs as
well as property-specific information, such as presence of
harardous substances, permitting requirements and  status,
refeases, and enforcement actions and variances.

X6.16.3 Compliance with transfer act obligations in the
manner prescribed is crucial for ensuring a successful convey-
ance. Sometimes the transfer act operates to render a transac-
tion voidable before the transfer occurs. Failure to give notice
in the required form and withan the time period reqaired or the
revelation of an environmental violation or unremediated
condition will relieve the transferee and the lender of any
obligation to close the tramsaction, cven if a contract has
already been executed. Moreover, a violation of the transfer
can be the basis for a lawsuit to recover consequential
damages.

X6.17 Comtractual Obligations and Agreements.

E2081 - 00 (2015)

X6.17.1 One system for ensuring the future restriction on
use of a site, or the obligation to conduct corrective action on
a site, 1s to require private parties to restrict use by contract.
While this method is often negotiated among private parties, it
will be difficult, if not impossible, to institutionalize some
control over that process without interfering with the abilities
and rights of private parties to freely negotiate these liabilities.

X6.17.2 Another avenue is for the landownger or responsible
party to obligate itself o the state by contract. The state may
require a contractaal commitment from the party to provide
tong-term monitoring of the site, use restrictions, and means of
continued funding for corrective action (including active re-
medial action).

X6.18 Resirictive Zoning

X6.18.1 Local land use control jurisdictions may provide
for restrictive or “overlay” zoning that prohibits certain activi-
ties or land uses. Such AULs are difficult to establish for
individual sites. For many sites located in the same local
planning jurisdiction which have undergone RBCA analysis, a
restrictive “zong” may be more practical. This “overlay” might
prevent certain exposures to chemicals of concern as an
effective means of cstablishing a namber of AULs with one
regulatory action.

X7. RISK-BASED CORRECTIVE ACTION CASE EXAMPLES

.

X7.1 Introduction —This appendix ithustrates the critical
features of the risk-based corrective action process through
presentation of several case examples, including an agricultaral
chemical formulation and distribution facility (X7.2) and an
operating industrial facility (X7.3). Both cases are hypotheti-
cal. The decisions made in each example case are not neces-
sarily generally applicable; they are a function of pertinent
technical policy decisions (discussed in Appendix X1), con-
currence of all involved parties. and compliance with federal,
state, or local laws and regulations. The examples cover a
range of situations and inchude illustration of the Tier |
screening process, site conditions & initial response actions the
Tier 2 assessment, and corrective action selection. Methods
and decisions used in these steps are bricfly summarized.

X7.2 Agriculiural Chenmical Formulation and Distribution
Facility:

X720 Initinl Site Assessment—Components of the initial
site assessment are discussed in X7.2.2 10 X7.2.10. A plan view
of the site and surrounding area, with important featuses
illustrated, is given in Fig. X7.1.

2

X7.2.2 Site Description—The site consists of a 8094-m
tract in a predominately agricultaral arca. The adjacent land use
is both agricuftural and residential. The pearest residence is at
a distance of 122 m from the propesty boundary. The site is not
currently subject to any federal, state, or local enforcement
actions.

X7.2.3 Site Ownership and Activity—The current busingss
on the site 15 engaged in sales and distribation of prepackaged
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pesticides, prepackaged ferulizers and soil amendments. and
bulk agueous figuid fertilizers. In addition to the present site
use, prior activities at the site included on-site mixing and
formulation of bulk pesticides. The site includes an enclosed
office and warchouse for storage of prepackaged materials, a
tank farm for storage of bulk liquid fertilizer, several loading
and material transfer areas, and several waste storage areas.
The business has been in operation on the present site for forty
years, with four changes in ownership over the same tme
period. The site surface is unpaved, with a gravel parking area
and a concrete-paved wash pad area.

X7.2.4 Past Releases or Potential Source Areas—Potential
spill or leak areas on the site include the current fertilizer tank
farm area, a fertilizer loading rack area, a truck wash pad, a
burn barrel area, and a used pesticide container and used oil
storage area. The arca which had formerly been used for
formulation of bulk liquid pesticides is identifiable by the
remaining eguipment foundations; this has also been identified
as a potential leak or spill area. Stained soil was ohserved in the
vicinity of the truck wash pad area and the used oil storage
ared.

X7.2.5 Regional and Site Hydrogeologic Conditions:

X7.2.51 The cimate in the region is subtropical, with a
warm, dry winter season and a hot, wet summer season.
Agricultural crops in the adjacent farm ficlds are watered using
drip irrigation during the summer months.

X7.2.52 The regional topography is complex, with the site
located in an allovial mountain valley drained by a single
contimaously flowing small creck, United State Geological
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Survey (USGS) topological maps indicate the creek is fed by
springs along its length, both upstream and downstream from
the site. The site itself is gradually sloped towards an open
drainage ditch which is seasonally dry. The drainage ditch
enters the creek 61 m from the site boundary, Two low areas
are evident on the site. These low areas evidently pond with
water during wet weather periods.

X7.2.53 The site hydrogeological investigation has in-
chuded soil borings, collection of ground water samples, and
characterization of geological structure and hydrogeological
conditions. The first three to six feet of soils on the site consist
primarify of sandy loam, going to poorly sorted sandy gravel at
depths below ground surface (BGS) between six to twenty feet,
and to poorly sorted gravelly sand at depths greater than twenty
feet BGS. First encountered ground water in the region is
found at a seasonally varying mean depth BG5S of 7310 9.1 m.
Ground water gradient, determined from four installed on-site
piezometers, is in the direction of the creek. Ground water
velocity has been estimated from the measured gradient and the
observed soil characterization. A basalt layer is encountered in
the vicinity of the site at depths of between 30.5 to 36.6 m.
Municipal and residential drinking water in the vicimity is
generally produced from wells at a depth of 24.4 t0 305 m
BGS,

X7.2.6 Beneficial Use Summary and Receptor Survey:

X7.2.6.1 The site is in a rural agricultural arca. Drioking
water for on-site use is supplied from a well screened at a depth
BGS of 30.5 m. The nearest off-site residence, at a distance of
approximately 122 m downgradient from the site, is supplied
from a well screened at a depth of 27.4 m BGS. Six wells are
within 0.8 km of the site. Three of the wells are used for
residential drinking water and the remaimng wells are used for
agricultural irrigation. Ground water is the sole drinking water
supply source within this local mountain-valley arca and the
state has a ground water classification scheme that identifies
ground water in this area as Class II. In the absence onsite
exposure points, the point of exposure for Class I ground
water i3 assumed to be the facility boundary.

X7.2.6.2 The site itself i1s considered a commercial/
industrial property. Access to the warchouse, tanks, loading
racks, and other potentially impacted arcas is restricted by a
fence and locked gate.

X727 Ecological Assessment Summary—There 1s no obvi-
ous impact to vegetation on the site. For the preliminary site
visit, during the late sumimer, green vegetation was found only
in the vicinity of the creek boundary or in the adjacent irrigated
ficlds. The creek is considered a relevant ecological receptor
and habitat; there was 1o obvious impact to the creck or
adjacent drainage ditch due to site activities.

X7.2.8 Exposure Scenarvio Fvaluation Flowsheer—An ex-
posure scepario flowsheet for this site 18 given in Fig. X7.2.
This flowsheet is based on information discussed in X7.2.2 to
X7.2.7.

X7.2.8.1 Commercial/industrial exposure 0 on-gite im-
pacted surficial seils, through direct contact, is both a current
and potential future exposure pathway at this site. Inhalation of
vapors evolved from impacted soils, both indoors and
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outdoors, is also a current or potential future exposure pathway
for on-site commercialfindustrial receptors.

¥7.2.8.2 Migration of non-aqueous phase liquids, leaching
of soluble constituents to ground water. and migration of
soluble chemicals of concern via ground water transport to
residential water ingestion are viable exposure pathways for
this site, both under current land use and for any viable future
use of the site.

X7.2.8.3 The potential also exists at this site for surface
water or sediment migration to an off-site creck, in addition to
potential migration of any soluble ground water plume to the
creck. The creek is considered habitat.

X7.2.9 Site Conditions and Inirial Response Actions—Based
on a gualitative evaluation of the information collected in the
initial site assessment, no imimediate threat to human health,
safety, or environmental receptors has been identified, and no
immediate response action is warranted for the site (see Table
1, Site Conditions and Initial Response Actions). If an imme-
diate threat was identified. it would be addressed forthwith, site
conditions are evaluated and revised as additional information
on the site becomes available.

X7.2.10 Site Sampling Activities - Inftial Site Investigarion:

X7.2.10.1 In the initial site investigation, soil samples were
taken from the identificd potential spill or leak arcas. This
included both surticial soil and samples taken at geometrically
increasing depth increments to the water table, which on site
was found at a depth BGS of approximately 8.5 m. In addition,
surficial soil samples were taken from several locations along
the dry drainage ditch.

X7.2.10.2 The selected soil analyses were hased on chemi-
cals of concern identified from previous and current site use. In
areas where pesticide impacts were suspected, samples were
analyzed for organochlorine pesticides, organophosphate
pesticides, and carbamate pesticides. Soil samples were ana-
lyzed for nitrate and ammonia in the areas potentially impacted
by spilled fertilizer. In the used oil area, the soil chemical
analyses 1ncluded volatile and semi-volatile organic
compounds, as well as total petroleum hydrocarbons reported
by carbon pumber range.

X7.2.10.3 Half the soil borings were extended into the
region of the upper water table, and shallow ground water
samples (9.1 to 12.2 m BGS) were taken from temporary
sampling points. These ground water samples were analyzed
for both pesticides and nitrate. Several composite water
samples were taken from the flowing off-site creck, both
upstream and downstream from the dry ditch outflow location.
Ground water samples were also taken from existing wells in
the vicinity of the site, as available, during the prelminary
on-site investigation.

X7.2.10.4 Sampling and chemical analysis procedures ap-
propriate for use in 4 quantitative risk assessment were used in
the site investigation. The method quantification limits for the
chemicals of potential concern, in nearly all cases, were below
the most stringent applicable Tier | risk-based screeming-level
{RBSL) concentrations. Where this was not the case, it was
judged that such chemicals were either not likely to be the sole
chemuicals present in a sample, or were not very likely to have
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been used at the site or in the site vicinity. The resulting data
set was reviewed and judged to be reliable, accurate, and
verifiable.

X7.211 Analvtical Data and Screening-Level Comparison-
Tier 1.

X7.211.1 Site conditions have been compared to the ge-
neric conditions used in deriving Tier | RBSL concentrations
for soil and ground water, and based on the site soil type and
identified site characteristics, the Tier 1 RBSL concentrations
are considered to be conservative with respect to actual site
conditions,

X7.211.2 The analyzed soil and ground water sarmples
showed non-detectable concentrations for most potential
chemucals of concern, in most samples. Given that the analyti-
cal method quantification limits were at or below the applicable
RBSL concentrations, and that all identified potential source
arcas were sampled, no further investigation of the non-
detected chemicals in seil or ground water was warranted.

X7.2.11.3 No gencric Tier | Relevant Ecological Screening
Criteria (RESC) concentrations are avaulable for impacts to
surface water as a relevant ecological receptor and habitat. The
quantitative assessment of surface water impacts is deferred to
a site-specific Tier 2 assessment. No site chemicals of concern
were detected in the creck water samples and no pesticides
were detected in surficial soil samples taken from the dry
drainage ditch. Nitrate was detected in the drainage ditch at
concentrations below any available Tier | RBSL criteria (hased
on leaching to ground water and exposusre to surficial soil).

X7.2.11.4 The detected soil concentrations have been com-
pared to the available and applicable Tier 1 RBSL concentra-
tions. The soil concentrations in the following source areas for
the indicated chemical and exposure pathways were above the
corrective action goals:

Former pesticide formulation area.
Lindane:
leaching to ground water and surficial solf exposure.
1.2-Dichioropropane:
leaching to ground waler and indoor air inhalation.
Truck wash pad.
Lindane:
feaching o ground water and surficial solf exposure.
Toxaphene:
feaching o ground water, sutficial soil exposure, indoor air
inhalation.
Fartilizer loading rack area and lank farm area.
Nitrate:
feaching to ground waler.

Additional investigation was focused on the chemicals for
which the concentrations were above the Tier | RBSL. For
those chemicals which were not above any applicable Tier 1
RBSL, no further investigation has been pursued.

X7.211L.5 In the used oil storage arca. concentrations of
benzene, ethylbenzene, toluene, and xylenes, as well as poly-
cyclic aromatic hydrocarbons were not above the RBSL for
soils, but a relatively high total petroleum hydrocarbon con-
centration was measuwred. On a carbon number basis, this
petroleum hydrocarbon was shown to consist of constituents
with a boiling point greater than n-pentadecane (T Hyy). In
this range, the chemicals of concem are expected to be
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relatively immobile. No migration of the petroleum hydrocar-
bons beyond a 0.6 m depth was detected. No aesthetic concerns
were noted.

X7.2.11.6 In ground water, measured concentrations were
compared against the applicable and available Tier 1 RBSL
criferia on a point-by-puoint basis. Most chemicals of potential
concern were ¢ither not detected in ground water, or did not
exceed the most stringent applicable Tier 1 RBSL concentra-
tion in any analyzed sample. Where this was the case, no
further investigation of the screened chemicals was warranted.
Those chemicals which were above a Tier | RBSL concentra-
tion for ground water included toxaphene and 1,2-
dichloropropane. for both the risk-based ground water inges-
tion criteria and the ORMC, which are the State drinking water
maxiimurmn contaminant levels (MCLs) for Class U ground
water. The nitrate in ground water concentrations were above
the State drinking water MCL for Class I ground water.
Toxaphenc concentrations, in addition, were above the RBSL
eround water criteria based on indoor air inhalation.

X7.2.11.7 Ground water samples taken from existing water
wells in the vicinity of the site have been compared against Tier
1 RBSL ground water ingestion criteria. This included samples
from the on-site drinking water well and the nearest downgra-
dient drinking water well, 122 m from the property boundary.
None of the samples from the drinking water wells were above
the Tier | corrective action goals for drinking water, Nitrate in
upgradient, downgradient. and on-site drinking water wells
was detectable at low levels, but were not above the Tier 1
corrective action goal (the State drinking water MCL).

X7.2.12 Refined Screening-Level Comparison - Tier 1:

X7.2.12.1 As a refinement on the point-by-point compari-
sons of site data with applicable Tier 1 RBSL concentrations,
the areas where chemicals of concern were found to be above
the corrective action goals were examined in greater detail.
This comparison provides a means for determining potentially
complete exposure pathways based on site data, and for
expediting the choice of any needed remedial action.

X7.2.12.2 For those samples which were above the Tier |
RBSL surficial soil criteria (lindane and toxaphene), fusther
refinement of the point-by-point screening-level assessment
showed that all of the samples which were above this Tier |
RBSL criteria were taken at depths BGS greater than 3 m,
except for two samples (toxaphene) in the truck wash pad area.
which were taken at a depth BGS of 0.3 m. These shallow soil
samples were above the Tier 1 RBSL surficial soil criteria for
toxaphene by a wide margin,

X7.2.12.3 For the indoor air inhalation exposure pathway,
with both 1,2-dichloropropane and toxaphene, no samples were
above the indoor air RBSL criteria for soil either within a
distance of 7.6 m from a currently occupied building or within
4.6 m of the ground surface, except for toxaphene in the
vicinity of the truck wash pad area (where no current occupied
buildings exist). For points where the concentrations at a depth
ercater than 4.6 m (for either soil or ground water) were above
the Tier 1 RBSL indoor air inhalation, no shallower samples
taken in the same bore-hole were above the Tier 1 RBSL
indoor air inhalation criteria for soil. indicating that the indoor
air vapor transport predicted with the generic and conservative
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Tier 1 models is not confirmed by observation, and is not found
to be a currently completed exposure pathway at this site.

X7.2.12.4 For the exposure pathway of leaching to ingested
ground water, concentrations in different potential source arcas
were above the Tier 1 RBSL criteria for lindane, 1.2-
dichloropropane, toxaphene, and nitrate. For  1,2-
dichloropropane, toxaphene, and nitrate, the leaching potential
was confirmed by on-site concentration measurements in
ground water above the respective Tier 1 RBSL ground water
ingestion criteria. The areas of ground water impacts at
concentrations above the Tier 1 RBSL ground water ingestion
criteria was adequately delineated for toxaphene in the prelimi-
nary site investigation. For 1,2-dichloropropane and nitrate, the
ground water plumes above the Tier | RBSL ground water
ingestion criteria extend beyond the osn-site sampled area
covered 1n the preliminary site investigation.

X7.2.13 Site Conditions & Initial Response Actions - Given
the additional site information, the site condition analysis
{(Table 1, Example Site Conditions and Initial Response Ac-
tions) was repeated.

X7.2.13.1 Based on the imtial site investigation, and esti-
mated chemical of concern travel times, the potential exists for
impact to an off-site domestic water supply well within
approximately a two-year ground water travel time for both the
nitrate and I,2-dichloropropane plumes. In response, an in-
terim remediation system was installed as a hydraulic stabili-
zation measure to minimize off-site migration of impacted
ground water. Sentry monitoring wells have been installed at
the site between the source zones and the existing off-site
drinking water wells to evaluate the effectiveness of the interim
system. These sentry monitoring wells were completed in both
the same zone (27.4 to 30.5 m BGS) as the drinking water
wells, and at shallower levels (8.1 to 12.2 m BGS). A quarterly
ground water monitoring program was initiated at the site,
along with further ground water investigation (a Tier 2
investigation, discussed below).

X7.2.13.2 No current impact is seen in the existing off-site
drinking water wells, By negotiation and agreement between
the involved parties, the site will be re-evaluated and response
action will be taken if two guarters of compliance point well
monitoring data are above the applicable Tier 2 site-specific
target level (58TL) concentrations {(discussed below). This
response action is intended to eliminate the potential nisk prior
to any actual exposure to impacted drinking water,

X7.2.13.3 No impact is evident in the off-site creek, but the
site 13 within 152.4 m of this environmental receptor. The
drainage ditch leading from the site to the creck provides an
inappropriate transpost conduit for site surface water run-off.
As a interim response action, containment and control of
surface water run-off to this ditch from the site has been
implemented. This response action interrupts the identified
exposure pathway. At the same time, the site was regraded to
eliminate the two low areas on the site which may pond during
wet weather periods.

X7.2.134 A final item of concern in the Tier | analysis is
the toxaphene found in surficial soil at the truck wash pad
above Tier 1 RBSL surficial soil criteria. Thas soil is within the
access-controlled area of the site. As an interim response, this
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site access control will be maintained. Other responses were
deferred until a decision on final corrective action for the site
was reached. This deferral requires continned commitment by
the current business operator to control access to the site, and
to inform any individuals with access to the controlled area of
the discovered chemicals and the hazards associated with these
chemicals.

X1.2.14 Evaluation of Tier 1 Results—A series of decisions,
based on urgency and relative costs and benefits, were made
between interim remedial action, remedial action, or further
tier evaluation at this point, for each instance where the site
conditions did not meet the Tier 1 corrective action goals.

X7.2.14.1 Interim action was initiated in cases where it was

justified by site conditions, as discussed in X7.2.13,

X7.2.14.2 For soils, the Tier 1 apalysis of X7.2.11 and
X7.2.12 has been sufficient: no recalculation of Tier 1 RBSL
concentrations for soils using site-specific data is justified.

X7.2.14.3 For ground water, a Tier 2 assessment and evalu-
ation is justified.

X7.2.15 Tier 2 Investigation—"The Tier 2 investigation has
focused on delineating the off-site nitrate and 1,2-
dichloropropane ground water plumes, and in establishing a
measure of the plume stability (growing, steady-state, shrink-
ing) over time. The Tier 2 site investigation has included
collection of additional ground water concentration data, mea-
surement of saturated soil propertics, and estimation of site-
specific parameters inchuding ground water velocity and direc-
tion. Simple mathematical models for ground water transport
have been used to check and validate the internal consistency
of the measured site data and the attenuation of detected
chemicals with distance from the source zone. Wel placement
in this investigation has been optimized to define the near-
centerfine plume concentrations with distance from the source,
and to determine the maximum downgradient extent of the
plume.

X7.2.16 Tier 2 Assessmeni:

X7.2.16.1 Measured aqueous concentrations of nitrate and
1,2-dichloropropane in shallow (9.1 to 12.2 m BGS) wells,
both onsite and offsite, were found to be nearly stable with
time. Measured and modeled attenuation rates of these chemi-
cals along the near-centerline of the ground water plumes have
been used to estabhish Tier 2 site-specific target level (88TL)
concentrations for nitrate and 1,2-dichloropropane. By nego-
tiation and agreement between the involved parties, the chosen
ground water receptor point was located just beyond the
downgradient edge of the property boundary and adjacent
public road easement. This was judged to be the nearest viable
location for a future off-site ground water well, It is upgradient
of the necarest existing ground water well. Screening level
ground water concentrations were fixed at the Tier 1| RBSL
ground water ingestion levels for the selected receptor point;
the calculated Tier 2 S8TL compliance concentrations for the
compliance point monitoring well locations (upgradient from
the receptor pointy are higher than the Tier 1 RBSL ground
water ingestion concenirations, and include derived factors
which account for the observed attenuation rates in ground
water with increasing distance from the source area.
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X7.2.16.2 The Tier 2 site investigation has shown that the
nitrate ground water plume meets the Tier 2 SSTL compliance
point concentration for the applicable compliance point sentry
monitoring well. The measured soluble nitrate plume is rea-
sonably stable or shrinking with time. Both upgradient and
downgradient wells screened in the upper aquifer (9.1 to 12.2
m BGS) show low but detectable nitrate levels, most likely due
to the adjacent land use. No nitrate above Tier 1 RBSL ground
water ingestion criteria were detected in monitoring wells
screened at the depths similar to that used for drinking water
wells (27.4 to 30.5 m BGS) near the site.

X7.2.16.3 The 1. 2-dichloropropane plume has been found
to exceed the Tier 2 S5TL compliance point concentration for
the applicable sentry monitoring well at shallow depth (9.1 0
12.2 m BGS). Modeling and data show that this shallow plume
extends off-site, and beyond the nearest possible future off-site
ground water well, at levels greater than the Tier 1 RBSL
ground water ingestion concentration. This shallow plume has
also been shown to intercept the location of an existing off-site
drinking water well. The drinking water well is completed in a
deeper zone than the region where the chemicals of concern
have been identified, and the drinking water well is not
currently impacted. No 1.2-dichloropropanc is detectable in
any monitoring wells screened at depths of 27.4 10 30.5 m. or
at the depths simular to that used for drinking water wells near
the site. The measured 1,2-dichioropropane plume is relatively
stable over time.

X7.2.16.4 No chemicals of concern have been detected in
the off-site creck. An estimate of potential surface water
chemical concentrations in the creek has been made using a
combination of the estimated volume of impacted ground water
scepage into the creek and a geometric mean average water
flow for the creck. This estimate of surface water chemical
concentration iz below analysis detection limits, and is also
below any applicable freshwater aquatic toxicity criteria {se-
lected as a relevant ecological screeming Criteria, or RESC) or
human health-based criteria levels. Since surface water run-off
has been contained on-site as part of a interim response action,
water run-off 13 no fonger a relevant transport pathway to the
creck for this site. The interim response action has interrupted
the identified exposure pathway.

X7.2.17 Sire Condirions and Emergency Response—
Additional information from the Tier 2 investigation and
assessment has warranted a re-classification of the site (Table
i, Example Site Conditions and Initial Response Actions),
based on better knowledge of site conditions and the measured
extent of the chemical of concern ground water plumes. The
off-site 1,2-dichloropropane ground water plume not being
captured by the interim system has been shown to intercept the
location of ap existing residential drinking water well. This
drinking water well is completed in a deeper zone than the
plume, and is not impacted. The potential for vertical rrugration
of the chemical of concern plume due to pumping at this
existing drinking water well location has been investigated and
found to be of concern, As an interim response, a point-of-use
water treatment system has been provided for this ground water
user. The previously implemented ground water monitoring
program is also continuing at the site.
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X7.2.18 Final Corrective Action:

X7.2.18.1 As a final corrective action, the interim system
will become the final system with modifications appropriate to
continue ground water treatment to levels achievable by the
best available technology, and to hydraulically stabilize the
plume to minimize offsite migration. The final system will
continue operating untit 1,2-dichloropropane concentrations
are reduced below the Tier 2 RBSL or involved parties agree
that is technically impracticable to continue system operation.
In selection of this final corrective action, c¢ontinued
commercial/indastrial use of the site is presumed. No everlast-
ing use restrictions arc intended to be placed on adjacent
property use of off-sitc ground water use based on offsite
plame stability and calculated attenuation rates. The continued
commercial/industrial site description implies that a use
restriction, using applicable and available methods (described
in Appendix X8), has been placed on the site, and that this use
restriction is acceptable to the involved parties. This use
restriction includes Hmitations for impacted on-site ground
water use as a drinking water supply, and appropriate limita-
tions on site activity (for example, no residential use, no deep
excavation without appropriate worker protection).

X7.2.18.2 For soils, final corrective action has inchuded
removal of affected soils in the wuck wash pad area from the
surface to a depth of 0.9 m, appropriate disposal of the
impacted soil, and replacement with clean soil fill material. All
other issues regarding soils have been addressed in interim
cofrective action or in the refined assessment. The interim
actions for soils have included eclimination of a potential
surface runoff transport pathway to a surface water body, and
site grading to climinate the potential for on-site ponded water
{and the associated water-head driven agueous infiltration).

X7.2,18.3 Remediation of the 1,2-dichloropropane ground
water plume to the applicable Tier 2 SSTL levels, by any
existing and available methodology is technically impracti-
cable. Remediation to asymptotic levels by the best available
technology is estimated to take up to three vears until it would
be technically impracticable to continue system operation.

X7.2.18.4 During the remediation period. to prevent unin-
tended exposure to the affected ground water, off-site use
restrictions for ground water in the immediate vicinity of the
ground water plume were put in place. This use restriction,
during the remediation period. is based on concurrence of all
affected parties. Given the beneficial use of ground water in the
local arca as a sole drinking water supply source, the ultimate
eoal has been to return to unrestricted use of the off-site ground
water as quickly as is technically possible. We note that the
Tier 2 assessment has already established that the 1,2-
dichloropropane ground water plume is relatively stable over
time, and, at least, the present situation i3 not worsening.
System operation i3 expected to reduce the overall time to
reduce the 1.2-dichloropropane concentration to a level where
monitored natural attenuation can continue as the selected final
corrective action until the Tier 2 SS8TL is achieved.

X7.2.18.5 The ground water plume is fod from a aqucous
fcachate source in on-sitc unsaturated soils. Lowering the
on-site agueous infiltration rate, through site grading, has been
estimated to proportionately lower the total mass trangport rate

Charles Menzie (Exponent) pursuant to License Agreement. No forther reproductions authorized.

ED_006308_00000315-00088



of leached 1,2-dichloropropane to ground water. Given
literature-identified attenuarion mechanisms of hydrolysis and
biodegradation for 1,2-dichloropropane, and the lowered
agueous-leachate plume source loading, recession of the plume
with time was predicted.

X7.2.18.6 After 2 additional years of quarterly ground water
monitoring subsequent to system deactivation, scasonal fluc-
tnations in ground water concentrations were seen, but a
general downward trend in concentration was evident. At this
point an annual monitoring program was implemented. After 6
additional vears, the general downward trend was shown o
continug, and the 1.2-dichloropropane plume was shown to
decrease below the Tier 2 5STL compliance point concentra-
tion for the applicable sentry monitoring well. No compliance
point concentrations were above the SSTL within an additional
year-long period of monitoring.

X7.2.18.7 Based on prior agreement between the involved
partics, meeting all appropriate Tier 2 SSTL concentrations for
the applicable sentry monitoring wells, over a 1 year time
period, has been sufficient demonstration that the sitc meets all
remaining conditions with respect to the site use restrictions
discussed in X7.2.18.1. A “no further action” letter, consistent
with the continued restricted commercial/industrial site use,
has been issued. The off-site ground water use restrictions
discussed in X7.2.18.4 have been lifted.

X7.2.18.8 ¥, over the period of monitoring, decreases in
monitored ground water concentrations did not meet
cxpectations, the corrective action plan for ground water would
have been reviewed and modified. During the period of
monitoring, site conditions and additional data were used to
continuously monitor the site classification conditions and the
appropriatengss of the corrective action response.

X7.2.18.9 If a specific regulatory requirement of, for
example, a ground water restoration goal i applicable as an
ORMC, then this would be included in the corrective action
goals.

X7.2.19 No further action for this site is based on restricted
commercial/industrial site use. If less restrictive site use
(residential use, for example) is desired by the property owner,
a re-assessment of the property would be needed.

X7.2.20 Again, the decisions made in this hypothetical case
example arc based on presumed technical policy decisions,
concurrence of all involved parties, and compliance with
federal, state, or local laws and regulations.

X7.3 Operating mdustrial Facility:

X7.31 Initial Site Assessment—Components of the initial
site assessment are discussed in X7.3.2 to X7.3.10. A plan view
of the site and surrounding area, with important featuses
illastrated, is given in Fig. X7.3.

X7.3.2 Site Description—The property consists of a
12 141-m” city block in a zoned light industrial area. The
adjacent land use is mixed light industrial, commercial, and
residential. The immediate neighboring propertics are all
commercial and industrial; the nearest residences are at a
distance of 122 m from the property boundary. The site is not
subject to any federal, state, or focal enforcement actions.
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X7.3.3 Site Ownership and Activityv—There are two busi-
nesses currently operating on the site. The first is a commercial
construction contractor, and includes an office building and
warchouse, an asphalt-paved parking lot, and a gravel-paved
equipment and materials storage vard. The second business is
an electric motor rebuilding facility which inclhudes an office, a
workshop, a manufacturing building, a storage area, a used
solvent tank location, and an asphalt-paved parking lot. Both
businesses have been in operation at the present site for over
twenty-five years.

X7.3.4 Past Releases or Porential Source Areas—Potential
spill or leak areas on the site include 2 former underground
gasoline storage tank, since removed; a diked concrete-paved
solvent storage area; two former outdoor above ground heating
oil tanks, since removed; an clectrical equipment and trans-
former storage area; and a former sludge and used solvent
storage tank area.

X7.3.5 Regional and Site Hydrogeologic Conditions:

X7.3.5.1 The site hydrogeological investigation has in-
cluded soil borings, collection of ground water samples, and
characterization of geological structure and hydrogeological
conditions. The site surface topography is generally flat with a
4.6 m variation over the 0.01 km? site. The regional topography
is also relatively flat; surface elevation changes within 3.22 km
of the site are less than 15.2 m. No permanent surface water
features or fow spots are present on the site. No permanent
surface water features are present in the vicinity of the site.
Surface water runoff from the site drains to a municipal
stormwater sewer and treatment system. The site is not in a
flood plain.

X7.3.52 The first five to eight feet of soils on the site
consist primarily of fill material including sand. silt, and clay.
The #ill material is generally underlain by a Jayerof upto 3 m
of silty loam, followed by a layer of clayey silt to a depth of
12.2 m. The water table in the vicinity of the site 15 found at an
average depth of 183 t0 244 m and generally exceeds the
USEPA drinking water criteria for total saspended particulate,
iron, and manganese. Municipal drinking water used in the area
is produced from cither wells at depths of 61 to 76.2 m, or
supplied from a local river.

X7.3.6 Beneficial Use Sumumary and Recepior Survey:

X7.3.6.1 The site is within an industrialized wban arca. All
businesses and residences within 8.1 km of the site are served
by municipal water and sewer utilities. The municipal water is
supplied from a local river and from ground water wells, the
nearest being 3.22 km upgradient from the site, and producing
from a depth of 67.1 m. No producing ground water wells or
well setback zones of any type are currently located closer than
3.22 km from the site. A local ground water use restriction is in
place (as described in Appendix X6) to prevent installation of
drinking water wells within the urban arca. The intent of this
local use restriction has been to preveat ingestion of impacted
ground water within the urban area.

X7.3.6.2 The site itself is zoned light industrial, is presently
operating with commercial/industrial tenants, and by all
likelihood, land use will continue in the future as commercial/
industrial. Al neighboring propertics adjacent to the site are
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currently either light industrial or commercial. The nearest
residential properties are 121.9 m from the property boundary.

dence of impact to vegetation on the site. There are no relevant
ecological receptors and habitats on the site. Given the local
industrial development and urban activity, there is a low
likelihood that the site will be returned to an undeveloped,
pristine condition. The surface water nearest to the site is a
creck which, at closest, passes within 3.22 km of the site. No
impacts to ecological receptors or habitat are anticipated in the
future due to this site, and, by agreement of the involved
parties, no further study of ecological impacts is planned.

X7.3.8 Exposure Scenario Evaluarion Flowsheet—An ¢x-
posure scenario flowsheet for this site is given in Fig, X7.4.
This flowsheet is based on information discussed in X7.3.2 to
XH7.3.7.

X7.3.8.1 Commercial/industrial exposure to on-site im-
pacted surficial soils, through direct contact, is both a current
and potential future exposure pathway at this site. Inhalation of
vapors evolved from subsurface impacted soils, both indoors
and outdoors, is also a current or potential future exposure
pathway for on-site commercial/industrial receptors.

X7.3.8.2 Leaching of soluble constituents to ground water,
or migration of non-aqueous phase liquids, are viable transport
pathways at this site, but ingestion of impacted ground water
by residents in the vicinity of this site is not of concern, given
the local ground water use restriction,

X7.3.8.3 Surface water or sediment exposure pathways are
not present and therefore not applicable at this site. Volatiliza-
tion of chemicals of concern from ground water is not likely to
be of concern because of the depth to the water table.

X7.3.9 Site Condirions and Initial Response Actions—Based
on a gualitative evaluation of the information collected in the
initial site assessment, no imumediate threat to human health,
safety, environmental receptors, or habitat has been identified,
and no immediate response action is warranted for the site
(Table I, Example Site Conditions and Initial Response Ac-
tions). If an immediate threat was identified. it would be
addressed forthwith, Site condition analysis is repeated and
revised as additional information on the site becomes available.

X7.3.10 Site Activities - Preliminary Site Investigation:

X7.3.10.1 In the preliminary site investigation, soil samples
were taken from the identified potential spifl or leak arcas. This
included both surficial soil and samples taken at geometrically
increasing depth increments t© 7.6 m. The selected soil
analyses have been based on chemicals of concern identified
from previous and current site use at each of the potentially
impacted areas.

X7.3.10.2 Three soil borings to a depth of 244 m were
taken near the site boundaries to map soil stratigraphy, the
depth to ground water, and the approximate local ground water
flow direction. Temporary ground water sampling points were
installed at these three locations and ground water samples
were collected to determinge ground water quality and 0
determine the presence of chemicals of concern, including any
non-aguecus phase liguids.
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X7.3.10.3 Sampling and chemical analysis procedares ap-
propriate for use in a quantitative risk assessment were used in
the site investigation. The method quantification limits for the
chemicals of potential concern, in all cases, were below the
most stringent applicable risk-based screening-level concentra-
tions. The resulting data set was reviewed and judged to be
reliable, accurate, and verifiable.

X7.3.10.4 For those samples taken in an area where the
potential existed for a mobile, non-aqueous phase liquid plume,
the soil samples were analyzed for total petrolenm hydrocar-
bons (TPH), with measured values reported by equivalent
carbon number range.

X7.3.11 Analytical Data and Screening-Level Comparison-
Tier 1:

X7.3.11.1 Site conditions have been compared to the ge-
peric conditions used i deriving Tier 1 risk-based screening-
level (RBSL)Y concentrations for soil and ground water, and
based on the site soil type and identified site conditions, the
Tier 1 RBSL concentrations are considered to be conservative
with respect to actual site conditions.

X7.3.11.2 The analyzed soil and ground water samples
showed non-detectable concentrations for most potental
chemicals of concern in all samples. Given that the analytical
method quantification limits, in alf cases, were below the most
stringent applicable Tier | RBSL concentrations, no further
investigation of these non-detected chemicals was necessary.

X7.3.11.3 The preliminary screening of the site data con-
sisted of point-by-point comparisons of all site soil analytical
data to the applicable RBSL. All measured values showed
concentrations which were below the screening criteria except
for benzene and trichloroethene (TCE), with respect to the
indoor air inhalation exposure pathway; and poly-chlorinated
bipheayls (PCBs), with respect to the surficial soil exposure
pathway.

X7.3.11.4 No measured values of TPH in soil were great
enough to indicate that free-phase organic liquid migration in
soils would be of concern for any source region of this site. For
TCE, all measwred concentrations were below the residual soil
concentration level calculated for Tier 1 soil assumptions; no
free-phase Hquid was found.

X7.3.11.5 The TCE was detected at concentrations below
the calculated Tier 1| RBSL concentration in a single downgra-
dient ground water sample, but above the Federal drinking
water MCL concentration value. No measured free-phase
Iiquids were evident in any of the ground water samples. With
a local use restriction in place to prevent the use of ground
water wells for drinking water in the vicinity of this site, there
will be no ingestion exposure to impacted ground water. By
agreement of the involved parties, no further investigation of
eround water is planned.

X7.3.12 Refined Screening-Level Comparisons - Tier 1:

X73.12.1 As arefinement of the point-by-point comparison
of site data with applicable Tier 1 RBSL concentrations, the
areas where concentrations of chemicals of concern were noted
to be above the corrective action goals were examined in
greater detail.

X7.3.12.2 For the PCBs, concentrations greater than the
Tier 1 RBSL screening-level values were confined o the area
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of the electrical equipment and transformer storage area. Of
four surficial soil samples in this area, two showed low but
guantifiable levels of PCBs, while two showed non-detected
concentrations. No PCBs were detected at depth. In refinement
of the Tier 1 screening-level assessment, an arithmetic average
PCB surficial soil concentration was calculated, using a
weighted average of the two detected soil concentrations and
half the detection limit for the remaining two samples. This
averaged surficial soil PCB concentration was then compared
to the Tier 1 RBSL concentration for surficial soil; the average
concentration was above the Tier | RBSL surficial soil criteria.

X7.3.12.3 For the benzene and TCE, site soil concentrations
that were above the Tier | RBSL concentrations were confined
to the arca of the used solvent storage tank area. In refinement
of this point-by-point screening-level assessment, it was noted
that the only values exceeding the Tier 1 RBSL indoor air
inhalation soil concentration were for soil samples taken in the
depth range of 5.5 to 7.6 m BGS; shallower samples taken in
the same borings at depths of 1.2 to 3.7 m were lower, and did
not. in any case, exceed this screening level. In addition. no soil
samples taken within 7.6 m of apy existing building were
above any Tier 1 RBSL indoor air soil criteria. Based on this
analysis, we can conclude that the observed soil concentrations
do not confinm vapor transport to the surface at levels great
enough to exceed the applicable Tier 1 RBSL concentration
along any cxisting complete transport pathway, or at any actual
point of exposure for indoor air inhalation.

X7.3.13 Site Classificarion and hitial Response

¥7.3.13.1 Based on the preliminary investigation, and com-
parison with classification scenarios (Table 1, Example Site
Classification and Response Actions), the site could best be
described as posing no demonstrable long-term threat to human
health, safety, relevant ecological receptors, or habitat,

X7.3.13.2 Management of the on-site businesses have been
informed that the site concentrations were above the
commercial/industrial surficial soil criteria for PCBs in the
region of the electrical equipment and transformer storage area.
As an interim response, signs were posted and access to this
arca of the site was limited by an installed fence and locked
gate, pending the selection of a final corrective action for the
site. This interim response requires continued commitment by

[y £2081 - 00 (2015)

the current business operators 1o maintain the fence and gate,
and to inform any individuals with access to the controlled area
of the discovered chemicals and the hazards associated with
these chemicals.

X7.3.14 Evaiuation of Tier 1 Results—A series of decisions,
based on urgency and relative costs and benefits, were made
between interim remedial action, remedial action, or further
tier evaluation at this point, for each instance where the site
conditions did not meet the Tier 1 corrective action goals.

X7.3.14.1 Interim action was initiated in cases where it was

justified by the site conditions.

X7.3.14.2 For soils, the Tier 1 analysis of X7.3.11 and
X7.3.12 has been sufficient; no recalculation of Tier 1 RBSL
concentrations for PCBs in soil using site-specific data is
needed.

X7.3.14.3 For ground water, no exposure pathway is present
and no further analysis is justified.

X7.3.14.4 No Tier 2 investigation has been necessary for
this site.

X7.3.15 Final Corrvective Action.

X7.3.15.1 In selection of final corrective action, continued
commercial/industrial use of the site is presumed.

X7.3.15.2 For soils, final corrective action has included
removal of surficial soils in the electrical equipment and
transformer storage area, replacement with clean fill material,
and concrete paving.

X7.3.16 Since the assessment is based on the assumption of
continued commercial/industrial site use, the future use of the
site has been restricted, by agreement of the 1avolved parties,
through administrative controls {discussed in Appendizx X6), to
commercial/industrial (non-residential) use.

X7.3.17 The administrative controfs will remain in effect
unless actions are taken at a later date to re-access the site using
the more conservative assumptions of a residential screening
criteria, and, if needed, corrective actions sufficient to meet the
residential site use criteria are implemented.

X7.3.18 Finally, the decisions made in this hypothetical
case cxample are based on presumed technical policy
decisions, concurrence of all involved parties, and compliance
with federal, state, or local laws and regulations.
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